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I. SUMMARY 

The instrumentation system described i n  t h i s  report  f o r  the  NASA 1.5-million 
pound l i q u i d  oxygen/liquid hydrogen M - 1  Engine development t e s t  f a c i l i t y ,  T e s t  
Zone K a t  t h e  Aerojet-General Corporation, Sacramento, Cal i fornia  has t h e  capa- 
b i l i t y  f o r  recording and automatically processing both steady-state and t r ans i en t  
data. Because of funding l imi ta t ions ,  t he  M-1 Engine Program w a s  terminated p r i o r  
t o  the  completion of these f a c i l i t i e s .  The design phase of t h i s  e f f o r t  w a s  between 
80% and 90% of completion and the  pre-procurement of  long-lead i t e m s  w a s  i n  process 
( i . e . ,  t he  Dig i t a l  Data System described i n  t h i s  report  w a s  completed). Primary 
data  i s  recorded on magnetic tapes i n  both analog and d i g i t a l  forms. Transient 
data  is then t ransfer red  from t h e  analog tape t o  the  oscil lograph f o r  f i n a l  da ta  
review. Analog da ta  is also taken through the  d i g i t a l  system and recorded on 
magnetic tape and then processed by the d i g i t a l  computer. The system a l s o  permits 
the  d i g i t a l  computer t o  have several on-line functions,  including r e a l  t i m e  calcu- 
l a t i o n  and display of mixture r a t i o ,  Isp,  and o ther  engine performance parameters. 
Automatic engine balancing t o  a pre-set mixture r a t i o  i n  one test  instead of  a 

valves, could represent a savings i n  hundreds of thousands of do l la rs .  
+.rsr:nnl .... --..-e 9 7 + n - + n  -A- -".":-A ..""..-:.-.- ...-..4l..L:l:+.- -E  ..------:-A- 
"dr*'uI U. u*'u(s- "* _. , " b Y  "" y"* .-'.(2*"', uYLU.-..b U.U..'UY*-&"J "* -yy*"y* * U Y C  

The instrumentation and control systems were designed t o  serv ice  four  test 
stands.  
analog magnetic tape system, and oscil lograph recording system. T e s t  Stands K-1 
and K-2 would share  s i g n a l  conditioning, s t r i p  char t  recorders,  and the  patching 
system, Test Stands K-3 and K-4 would l ikewise share similar equipment. 
systems were designed t o  operate with t h e  tes t  s tand located 3500 ft from the  
cont ro l  building. 

A l l  four  tes t  stands would time-share the  d i g i t a l  computer system, 

These 

The following tabula t ion  is a summary of  T e s t  Stand K-1 instrumentation 
capab i l i t i e s :  

S t r a i n  Gage (Pressure,  Force, and S t r a i n )  
Thermocouple ( Chromel-Alumel ) 
Resis t ive Temperature Transmitter (RTT) 

Valve Posi t ion 
Event (Switch Trace) 
High Frequency 
Leak Metering 

Fiow ai& Speed 

CONTROL ROOM 

Channels /Stand 

180 
84 
60 
i2 
24 
72 

24 
36 

S t r i p  Chart Recorders 24 
Visual Gages (Low Level) 48 
Oscillographs 
Analog Tape Recorders 3 recorders,  32 Channels each 
36-Channel Event and 5 Analog Channels 
D ig i t a l  System (350 Low Level, 100 High Level) 

2 un i t s ,  36 Channels each 

1 
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The K-Area test facility was to be equipped with an intercommunications 
system, four television systems per stand, an area warning and public address 
system for personnel safety, as well 8s a battery of motion picture stations and 
enclosures for complete movie coverage of the test stand. The facility was also 
to be equipped with an electrical control and process instrumentation system for 
loading and transferring propellants. All areas where liquid hydrogen was to be 
stored and used were to be equipped with a leak and fire detection system. 

11. INTRODUCTION 

This report covers the instrumentation system that was designed for the 
M-1 Engine static test complex. 
not been made final at the time of termination; several options were under 
consideration. 

The ultimate configuration of this complex had 

The configuration for Test Stand K-1 was vertical firing of 30 sec duration 
with a capability for altitude start and environmental conditioning. 
was intended to be a two-position stand providing for horizontal firing with an 
altitude long duration run (300 sec) capability, or a horizontal-vertical con- 
figuration with an altitude run in the horizontal position. Test Stand K-3 and 
K-4 were single position, full-duration (500 sec) vertical firing stands. An 
option to this latter configuration was the replacement of K-3 and K-4 with a 
two-position Test Stand K-3 (A and B ) .  
positions in any of the options considered. 
complex is shown as Figure No. 1. 

Test Stand K-2 

The total complex would provide five firing 
A plot plan of the proposed ultimate 

The initial construction increment provided Test Stand K-1,  the control 
building, and the other support facilities required for Test Stand K-1. 
Construction was stopped because of program termination and the systems and 
facilities were at various stages of completion. The Aerojet-General Corporation - 
funded control building was completed. 
by the Aerojet-General Corporation Test Operations Division with detail design and 
construction management provided by AETRON, the Architectural-Engineering Division 
of the Aerojet-General Corporation. 
instrumentation systems was performed by the AETRON Foothill Facility. 
criteria established for this system are as follows. 

Criteria for the facilities was provided 

Also, prefabrication and assembly of some 
The basic 

The system must accommodate only one of the four test stands for hot-firing 
while any one or all remaining three test stands are simultaneously performing 
checkouts. 

Test Stands K-1 and K-2 were to time share instrumentation signal con- 
ditioning, strip chart recorders, patching and checkout equipment located at the 
Control Room; test stands K-3 and K-4 (or K-B depending upon the final 
configuration) would likewise share similar equipment. 

The analog tape system, oscillographs, digital system, tUnplifierS and 
computer are to be time shared among all four stands. 

Page 2 
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The control room is implemented with a spec ia l  purpose d i g i t a l  computer 
w i t h  per ipheral  equipment. 
l a t i ons ,  on-line parameter l i m i t  monitoring, on-line cont ro l  of engine, off- l ine 
da ta  calculat ions and processing. 

This computer is required t o  perform on-line calcu- 

Typically, production engine t e s t i n g  requires  approximately 2.7 tests per  
del ivery (based upon T i t a n  I and Titan I1 experience at Aerojet-General Corporation). 
The first tes t  is a shor t  (20 sec )  duration f o r  making balance adjustments i n  
preparation f o r  t h e  f i n a l  acceptance test. 
ind ica te  t o  the  t e s t  conductor data  i n  formation which could conceivably reduce 
the number of tests t o  2.0 o r  less w i t h  experience. 
duration M-1 tes t  would cost  approximately $350,000, including such considerations 
as t h e  set-up, data reduction, and propel lants .  
acceptance tests could be minimized by the  on-line computer, which represents  a 
cost  savings. These are: 

"he on-line computer should be able t o  

It i s  estimated t h a t  a full 

Several conditions occurring during 

\ 

A. The engine is within spec i f ica t ion  and there i s  no need t o  terminate 
the test at a shorter  duration; the  full-duration acceptance test can proceed. 

B. The engine i s  out of spec i f ica t ion  and may require  two more tests t o  
produce an in-balance condition. 
state data  is  indicated. 

Shutdown can be accomplished as soon as steady- 

In the f i rs t  case, t he  computer could ind ica te  t h a t  t he re  is  no need t o  
terminate the  test. In the  second case, the  computer could ind ica te  the  degree 
of adjustment required, and i n  the  second tes t ,  it could ind ica te  whether balance 
had been achieved. 

It is  conservatively estimated t h a t  the  equivalent of 0.5 duration tests 
per del iverable  engine could be saved through the  use of the on-line computer, o r  
approximately $175,000 per  del iverable  engine. 

For uniformity i n  t e s t  operations,  equipment ca l ib ra t ion ,  equipment main- 
tenance, and rapid channel conversions, the instrumentation system i s  implemented 
whenever pract icable  w i t h  modular construction. 

111. TECHNICAL DISCUSSION 

A .  SYSTEM DESCRIPTION 

T e s t  Zone K w a s  designed f o r  M-1 Engine t e s t i n g  with the  t o t a l  complex 
consis t ing of four tes t  stands o r  more and a two-position cont ro l  room. 
ul t imate  engine t e s t  program had the  following goals: 

The 

Environmental engine conditioning from - 2 6 0 ~ ~  t o  +240°F 

Environmental engine tests at 95 t o  100 percent humidity and two 
hours of ra in .  

Page 4 
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Engine a l t i t u d e  start  tests at - 2 6 0 ~ ~  and 0.025 ps ia .  

Engine a l t i t u d e  f u l l  duration run t e s t s .  

Engine sea-level f u l l  duration run tests.  

Test Stand K-1 was designed t o  f u l f i l l  t he  first phase of  these  tes t  
requirements. It w a s  t o  have provided alt i tude/environmental  conditioning and 
a l t i t u d e  engine start  t sts of 3 sec duration plus  engine run tests at sea-level 
with 30 sec duration. ( 17 

The remaining program requirements f o r  engine t e s t i n g  were t o  be 
designed i n t o  fa ture  K-Area t e s t  s tands ( i . e . ,  K-2, K-3 e t c . ) .  

The bas ic  f a c i l i t i e s  were designed t o  implement addi t ional  tes t  s tands.  
The K-Zone control  room i s  designed with two separate  control  centers  with a common 
computer center  f o r  a l l  K-Area t es t ing .  T e s t  Stands K-1 and K-2 were t o  t i m e  share  
instrumentation s a1 conditioning, patching, and checkout equipment located i n  
Control Center 1. @? T e s t  Stand K-3 and fu tu re  tes t  s tands were t o  have independent 
instrumentation s igna l  conditioning, patching, and checkout equipment loca ted  i n  
Control Center Number 2. 
shared among all of t h e  t es t  stands.  

The d i g i t a l  system amplif iers  and computer would be 

1. ---- T e s t  Stand K-1 Data Acquisit ion ( see  Figure No. 2)  

T e s t  Stand K-1  data  acquis i t ion  i s  composed of t he  following 
systems : 

a. S t r a in  Gage 

This system i s  composed of 168 channels with t e s t  and ca l i -  
b ra t ion  capab i l i t i e s ,  located i n  the terminal room, and 12 channels t h a t  are so le ly  
f o r  K-1 propel lant  handling and common use. 

b . Thermocouple 

This system i s  composed of 84 channels of  ChromeljAiumei 
u t i l i z i n g  150°F reference junction. 
and ca l ib ra t ion  fea tures  loca ted  i n  the  cont ro l  room. 
used f o r  engine appl icat ion and the  remaining twenty-four a re  f o r  the  a l t i t u d e  
environmental soak f a c i l i t i e s .  

The system is  equipped with tes t ,  s e l ec t ion ,  
Sixty channels are t o  be 

(1) -,  Description of Test Stand K-1 Al t i tude and Environmental - ---- 
System, Aerojet-General ReDort No. 8800-30. 25 November 1965 

( 2 )  Criteria --- f o r - " ~ l l  Zone Instkunentation Controls , - ~ - 1  Proiram, 
Aero j et-General Corp . AETRON Division , A p r m  
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c. Resistance Temperature Transmitter (RTT) 

The RTT System i s  composed of 60 channels of constant cur ren t  
s igna l  conditioning, ca l ib ra t ion ,  t es t ,  and se l ec t ion  equipment i n  the  cont ro l  room. 

d. Flow and Speed 

This system i s  composed of 1 2  channels with se l ec t ion ,  t es t ,  
ca l ibra t ion ,  and s ignal  conditioning equipment i n  the  cont ro l  room. 

e. Valve Posi t ion 

This system i s  composed of 24 channels with ca l ib ra t ion  and 
s igna l  conditioning i n  t he  control  room. 

f .  High Frequency 

This system is  composed of 36 channels of s igna l  conditioning 
un i t s ,  voltage control led o s c i l l a t o r s ,  loca ted  i n  the terminal room. 

Test Zone K,  i n  addi t ion t o  T e s t  Stand K-1, i s  composed of 
four independent propellant storage areas  and a flame def lec tor  cooling system 
consis t ing of 2.5 mil l ion gal lon water s torage and a t o t a l  pumping capab i l i t y  of  
140,000 gpm. 
( see  Figure No. 3 ) .  

These propel lant  s torage areas serve t h e  following functions 

The Liquid oxygen s torage area provides l i q u i d  oxygen t o  t h e  
test  s tand through a f ixed piping system. This s torage area a l so  contains t h e  
liquid-to-gaseous nitrogen conversion equipment and provides f o r  t h e  s torage of 
gaseous helium. It has i t s  own control  room which is  equipped w i t h  necessary 
controls  and instrumentation fo r  propel lant  handling. 

The Liquid hydrogen s torage and gaseous hydrogen conversion 
area is  equipped with i t s  own loca l  controls  and instrumentation. There are 
backup controls  and instrumentation i n  t h e  main cont ro l  room. 

The auxi l ia ry  l i q u i d  oxygen unloading area, which is  adjacent 
t o  Test Stand K-1, has independent cont ro ls  and instrumentation f o r  the t r a n s f e r  
of propel lants  t o  test  s tand tankage. 

The high pressure gas s torage  area which i s  adjacent t o  
T e s t  Stand K-1, i s  used fo r  nitrogen and hydrogen gas. Its controls  and ins t ru-  
mentation are located i n  t h e  main control  room. 

The test a rea  is  supported by a tes t  area warning system 
consis t ing of a warning l i g h t  and public  address system t o  provide v i sua l  and 
vocal warning i n  all working areas as w e l l  as t r a f f i c  cont ro l  of  a l l  road w a y s  
through the K-Area complex. 

Page 8 
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The test stand and areas where l i qu id  hydrogen i s  handled o r  

t ransfer red  i s  equipped with gaseous hydrogen detectors  t h a t  w i l l  detect  t he  
presence of as l i t t l e  as 0.46% hydrogen i n  air, by volume. 
hydrogen may be handled w i l l  a l so  be equipped with u l t ra -v io le t  flame detectors .  
Both the  Hydrogen Gas Detectors System and the  Ultra-Violet Hydrogen Flame 

azardous condition Detector System provide audio as w e l l  as visua l  warning 
by means of a display board located i n  the control  room. 

systems (Figure No. 4 ) .  
f o r  v i sua l  monitoring of the t es t  stand and i ts  adjoining areas. 
which are equipped with inf ra red  vidicons, can provide necessary pin-point loca t ion  
of the  inv i s ib l e  hydrogen flames t h a t  may be detected by s ta t ionary  u l t ra -v io le t  
detectors .  

Those areas where 

?5 a 4 f  

The test stand is equipped w i t h  four closed c i r c u i t  t e l ev i s ion  
These four systems provide the cont ro l  room with a means 

The cameras, 

, 
I Page 10 

2. Instrument a t  ion Transmission Cabling 

The instrumentation trahsmission cable designed f o r  use i n  K-Zone 
is the  standard multiconductor type cable with a polyethylene insulat ion.  It has 
a unique fea ture  i n  t h a t  copper-Mylar tape i s  used as the cable sh ie ld .  The tape  
w a s  applied with the copper face down against  a drain w i r e  with a minimum overlay 
of 50% and 100% coverage. 
reduce the  over-all diameter of t he  cable by 20$, which made it possible  t o  
increase the  cable packing density i n  the underground duct bank as w e l l  as t h e  
overland cable trays.  
transmission cable i n  3800 f t  t o  4000 f t  lengths on one r e e l  which f a c i l i t a t e d  i ts  
handling i n  shipment across country as w e l l  as by the  standard contractor equipment 
during in s t a l l a t ion .  

The use of t h i s  Mylar insu la t ion  made it possible  t o  

The reduced cable diameter made it possible  t o  obtain 

3. Instrumentation Remote Control System 

The instrumentation remote control  console contains cont ro l  un i t s  
f o r  the following functions : 

a. Calibration Control 

Calibration s t eps  f o r  all instrumentation systems may be 
se lec ted  simultaneously as required from three  poin ts  i n  the  control  room. 
A master ca l ibra t ion  control  un i t  is  located i n  the instrumentation control  
console. Remote cal ibrat ion control  un i t s  a re  located i n  various bays throughout 
the control  room. Manual or automatic modes of ca l ib ra t ion  sequences are provided. 

I .  _ “ * . . I  .4.- 
II, 

( 4 )  Aerojet-General Memorandum 9110:0414, J. D. Anderson t o  G. R.  Deppe, dated 
1 February 1965, Subject: Television as F i r e  Detector f o r  M-1 F a c i l i t i e s  -- 
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I n  t h e  manual mode, any s t ep  may be se lec ted  and i n  the  automatic mode, a five-step 
sequence is  provided. 
seconds. 

The dwell t i m e  f o r  each s t e p  is adjustable  from one t o  t e n  

The remote ca l ib ra t ion  cont ro l  u n i t s  are equipped with lamps 
t h a t  ind ica te  t h e  test stand selected.  

b. Instrumentation T e s t  Stand Select ion 

The s t r a i n  gage system, res i s tance  temperature t ransmi t te r  
(RTT) system, thermocouple system, as w e l l  as flow and speed system have a test 
s tand s e l e c t  switching fea ture  incorporated i n t o  the  s igna l  conditioning un i t s .  
T h i s  allows t h e  se lec t ion  of any one of the three stands.  The test  stand s e l e c t  
switches are of the remote operated ro ta ry  solenoid type. 
channels a re  selected i n  two groups as follows: 

The instrumentation 

System Primary Channels Secondary Channels 

S t r a i n  Gage 1 - 144 145 - 168 
RTT 1 - 48 49 - 60 
Thermocouple 1 - 48 49 - 60 
Flow and Speed 1 - 1 2  --- 

The purpose of providing f o r  the  secondary se l ec t ion  i s  t o  
allow long-term environmental t e s t i n g  i n  one s tand while a simultaneous t e s t  setup 
is being accomplished at another stand. 

The instrumentation console test  s tand se l ec t ion  u n i t  provides 
s tand se l ec t ion  control t o  t h e  se l ec to r  contactors ,  which provide the  current  t o  
dr ive ro ta ry  solenoid switches. The ro ta ry  solenoid switches provide pos i t i on  data 
t o  a se l ec t ion  logic u n i t ,  which contains "AND" log ic  and generates s igna ls  t o  
. l ight  t he  stand se lec t ion  ind ica tor  lamps. 

c .  Recorder Display 

The recorder display u n i t  provides a cen t r a l  remote cont ro l  
f o r  a l l  cont ro l  room recorders.  Each record system, w i t h  t he  exception of t h e  
s t r i p  char t  recorders, has provision fo r  remote ind ica t ion  of operating mode. 
A ''ready t o  record," "recording," o r  '!no record" s igna l  is sen t  t o  t h e  recorder 
display u n i t ,  where it i s  indicated.  

The recorder display u n i t  i s  loca ted  i n  the  instrumentation 
control  console. 
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B . INSTRUMENTATION SYSTEMS 

1. St ra in  G a g e  

a. Function 

The 160-channel s t r a i n  gage system w i l l  be used t o  de t ec t  
physical  s t imul i ,  such as pressure,  force,  and s t r a i n .  
converted t o  an e l e c t r i c a l  analog s igna l ,  conditioned, and t ransmit ted t o  the  
recording center .  Twelve addi t iona l  s t r a i n  gage channels are provided f o r  propel- 
l a n t  handling exclusively.  

The detected stimulus i s  

This system is  designed t o  be compatible with the  l a rge  t rans-  
ducer pool ava i lab le  a t  Liquid Rocket Operations of Aerojet-General Corporation. 
Normally-standardized 350 ohm, six-wire, shunt-calibrated transducers w i l l  be used 
i n  t h i s  system; however, provisions are incorporated f o r  s t r a i n  gage bridge com- 
p l e t ion  networks as required.  Channel i n t e g r i t y  and in su la t ion  checkout fea tures  
are included wi th  the  system. 

b . System Components 

The system is composed of t ransducers ,  drop boxes, bay boxes, 
s t r a i n  gage test  and ca l ib ra t ion  uni t s ,  power suppl ies ,  s t r a i n  gage s igna l  selec-  
t i o n  un i t s ,  per ipheral  tes t  equipment, and associated cabling. 

The drop box i s  a 12-channel junct ion box placed near t h e  
t es t  hardware t o  provide a convenient connection poin t  f o r  t h e  individual  t rans-  
ducer extension cable. 

The bay box is  a 48-channel junct ion box located on the  test  
s tand.  Generally, t he  bay box is the terminus f o r  four drop boxes and hook-up t o  
t h e  transmission cable is accomplished a t  t h i s  loca t ion .  

Signal  conditioning and channel checkout functions are per- 
formed w i t h  the s t r a i n  gage t e s t  arid c d i b i ~ ~ t ~ o n  u z l t  ir; conJuzctlm with wry- n n n m -  - 
priate checkout equipment (Figure No. 5 ) .  This equipment i s  loca ted  i n  t h e  test  
s t and  terminal  room, which i s  adjacent t o  the  tes t  stanc?. 

A 1 O V  power supply is  provided f o r  each s t r a i n  gage channel. 
A vol tage  check u n i t  is  ava i lab le  t o  permit checkout of these power supplies.  

A t  t h e  control  room, s t r a i n  gage s igna l  s e l ec t ion  u n i t s  are 
provided t o  permit t he  se l ec t ion  of s t r a i n  gage channels for fu ture  test  s tands.  

c. Operation of Components 

(1) Cabling 

The s t r a i n  gage system used is  of the six-wire type,  
which means t h a t  a s ix  w i r e  shielded cable is  required t o  connect t he  transducer 
t o  t h e  s igna l  conditioning equipment loca ted  a t  the  tes t  s tand terminal room. 
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Single channel shielded s i x  wire cables are used from the  transducer t o  t h e  drop 
boxes. 
d i t ion ing  u n i t  ( s t r a i n  gage t e s t  and ca l ib ra t e  u n i t ) ,  12-channel S12/S6/cables are 
used. From t h e  s i g n a l  conditioning uni t ,  t h e  transmission cable t o  the  cont ro l  
room is a shielded two conductor per channel type. 
12 channels (S2/C) are bundled t o  form a S12/S2/C cable i n  a polyvinyl ch lor ide  
sheath. 

From the  drop boxes t o  the bay boxes and running on t o  the  s igna l  con- 

For i n s t a l l a t i o n  convenience 

(2 )  An individual 10 VDC i so l a t ed  output power supply is  
provided f o r  each channel. Twelve power supply u n i t s  f i t  i n t o  a rack-mounted 
module. The required key e l e c t r i c a l  cha rac t e r i s t i c s  are as follows: 

(a )  Output vol tage regulat ion:  There s h a l l  be no more 
than 0.1% change i n  voltage output with a 2.0% change i n  load res i s tance  and a 
simultaneous 10% change i n  AC supply voltage. 

( b )  Load Resistance: Resistance s h a l l  be 100 t o  
350 ohms. 

( c )  Ripple: Power supply output r ipp le  voltage s h a l l  
be less than one m i l l i v o l t  peak-to-peak with any rated load. 

( d )  Power Supply Noise: An AC component appearing 
between output terminals  of a balanced 350 ohm bridge excited by the  DC power 
supply operated at r a t ed  conditions s h a l l  not exceed f i v e  microvolts peak when 
one l e g  of t h e  br idge is  shunted t o  produce an output of 30 m i l l i v o l t s .  

( e )  Temperature S t a b i l i t y :  Output voltage change s h a l l  
be l e s s  than 0.1% with temperature change of 32'F t o  115'F. 

( f )  Insulat ion Resistance: The res i s tance  of the  output 
leads t o  t h e  case o r  t o  the  AC supply s h a l l  exceed 10,000 megohm. 

(g) Input Power: This power s h a l l  be 115 VAC - + 10% 
60 cps, s ing le  phase. 

Voltage check fea tures  as w e l l  as a means t o  ad jus t  
output vol tage from 9 t o  11 vo l t s  are included. 
l i s t e d  i n  AETRON Standard Specif icat ion PI-227 , June 1962. 

Complete spec i f ica t ions  are 

( 3 )  Voltage Check Unit  

The voltage check u n i t  provides a means f o r  checking the  
operat ion of the  power suppl ies  and t o  s e t  the  output vol tage as required.  
vol tage check u n i t  reference may be s e t  t o  t he  desired voltage plus  o r  minus one 
mi l l i vo l t .  
vo l tage  i s  compared with the  reference vol tage and read on a n u l l  meter loca ted  
on the  vol tage check panel. 

The 

By depressing a but ton on any s t r a i n  gage power supply, t he  output  
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( 4 )  Transducers 

The transducers used with the  s t r a i n  gage system f a l l  
i n t o  t h e  following general  categories:  

( a )  Bonded S t r a in  Gage Pressure Gages: 

Standardized pressure gages are general ly  used f o r  
The accuracy of these gages i s  e i t h e r  2 0.3% low frequency pressure measurements. 

o r  + 0.5$, depending upon the  requirements. 
a r e d e s c r i b e d  i n  Aerojet-General Corporation Spec i f ica t ion  32048/2. 

The c h a r a c t e r i s t i c s  of these  u n i t s  

( b )  Unbonded S t r a i n  Gage Pressure Gages: 

These transducers a r e  purchased t o  conform t o  
Aerojet-General Corporation Specif icat ion 42306. 

( c )  Load Cells: 

Thrust measurements a re  not t o  be made at T e s t  
Stand K-1; however, standardized bonded bridge s t r a i n  gage load c e l l s  a r e  compatible 
with t h i s  system. 

( d )  S t r a i n  Patches: 

Test hardware may occasional ly  be f i t t e d  with 
s t ra in  patches of several  configurations.  The system is designed t o  provide two- 
o r  three-leg bridge completion networks as required f o r  120 ohm o r  350 ohm s t r a i n  
patches. 

( e )  S t r a i n  Gage Accelerometers: 

Low frequency br idge s t r a i n  gage accelerometers 
may a l so  be u t i l i z e d  e f f ec t ive ly  i n  t h i s  system. 

( 5 )  Insu la t ion  Test Indica tor  

Cable and transducer i n su la t ion  qua l i t y  can be measured 

The megohmeter range s h a l l  be 
by a megohmeter with a capabi l i ty  for being conveniently switched t o  each channel 
through t h e  s t r a i n  gage tes t  and c a l i b r a t e  un i t .  
1000 megohms at center s c a l e  and 5O,OOO megohms full sca l e  with an accuracy of 
- + 3% at  center  scale.  T e s t  voltage s h a l l  be 10 v o l t s .  
d e t a i l  i n  AE:TRON Standard Spec i f ica t ion  PI-2102, Ju ly  1964. 

This u n i t  i s  described i n  

( 6 )  Null and S t r a i n  Indica tor  

A DC n u l l  multirange voltmeter is provided as p a r t  of 
The voltmeter may be switched t o  any channel t he  per ipheral  checkout equipment. 

output t o  check for  proper channel functioning. 
s t r a i n  gage t e s t  and ca l ib ra t ion  un i t .  

The voltmeter i s  switched at t h e  
The s t r a i n  gage tes t  and c a l i b r a t i o n  u n i t  
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has provisions f o r  applying a 50% shunt ca l ib ra t ion  r e s i s t o r  t o  t h e  channel under 
tes t ;  thus,  a 50% output voltage may be checked on the  voltmeter. 

(7) St ra in  Gage T e s t  and Cal ibrat ion Unit 

The s t r a i n  gage tes t  and ca l ib ra t ion  uni t  provides 
switching f o r  checking out each channel and the  re lay  switching of the  shunt 
ca l ib ra t ion  r e s i s t o r s .  The channel t e s t  functions are performed through manual 
switching at the  f ront  panel. 
n u l l  and s t r a i n  check, and channelization check. 
re lays  are remotely-controlled. 
0, 25, 50, and 75% of full sca l e  is simultaneously applied t o  a l l  channels. 
shunt ca l ib ra t ion  r e s i s t o r s  and bridge completion networks, i f  required,  are 
located on a plug-in pr in ted  c i r c u i t  ca rd  f o r  each channel. 
transducer s igna l  conditioning i s  needed, spare  pr in ted  c i r c u i t  cards can be set  
up as required.  

The channel checkout functions are insu la t ion  tes t ,  
The shunt ca l ib ra t ion  resistor 

The 
A four-step ca l ib ra t ion  sequence i n  s t eps  of 

If a spec ia l  type of 

(8)  Deflection Check Indicator  

The def lector  check ind ica tor  is a sens i t i ve  AC voltmeter 
t h a t  can be siwtched t o  any channel output through t h e  s t r a i n  gage tes t  and ca l i -  
b r a t e  un i t .  A s m a l l  AC s igna l  can be induced magnetically on the  transducer 
extension cable by a hand-held probe. 
the  channel i n  question assures correct  channelling f o r  test  preparations.  

Ver i f ica t ion  t h a t  t h i s  s igna l  appears on 

2. Thermocouple 

a. Function 

The thermocouple system i s  used t o  measure temperatures when 
a high degree of accuracy is  not required. For uniformity, a l l  channels are of  t h e  
Chromel-Alumel type. Eighty-four channels a re  provided f o r  general  test  stand use. 

b. System Components 

rnL- IIIF; ay cczsists sf transducers 3 d.rop boxes ; reference 
junct ions;  transmission cabling; thermocouple s e l e c t ,  tes t ,  and ca l ib ra t ion  uni t s ;  
and a programable voltage supply. 

The drop boxes are 12-channel junction boxes placed near t h e  
test hardware t o  provide a convenient connection point  f o r  t he  transducer exten- 
s ion  cables.  

c. Operation o f  Components 

(1) Cabling 

The reference junction box i s  located on t h e  tes t  stand. 
The cabl ing from t h e  junction box t o  t h e  drop boxes consis ts  of shielded p a i r s  made 
up of a Chrome1 and an Alumel w i r e .  Connector pins i n  the  drop boxes are a l s o  made 
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from the  same thermocouple meta ls .  
junct ion box through the t e s t  s tand terminal  room i n t o  the  cont ro l  room is copper- 
copper made up i n  a S12/S2/C#20 AWG configuration. 

Transmission cabling leading from the  reference 

( 2 )  Reference Junction 

The reference junct ion box used i s  a 150°F type with 
provisions f o r  92 channels. 
s h a l l  be within t O . l ° F .  
u n i t  s h a l l  operate on 115 vo l t s  AC - + l o % ,  60 cps, single phase power- 

Temperature s t a b i l i t y  of t he  reference junct ion oven 
The The individual  junct ion accuracy s h a l l  be + 0.2'F. 

The reference junct ion box a l s o  provides termination 
poin ts  fo r  t he  drop box cabling and the transmission cabling. 

( 3 )  Transducers 

Any Chromel-Alumel thermocouple is  compatible with t h i s  
sys t e m .  

( 4 )  Thermocouple Signal Conditioning Units (Figure No. 6)  

Thermocouple s igna l  conditioning takes  place a t  t h e  
reference junct ion and t h e  thermocouple test  se l ec t ion  and ca l ib ra t ion  u n i t .  

The 12-channel per  u n i t  thermocouple se l ec t ion  of t es t  
and ca l ib ra t ion  f a c i l i t a t e s  t he  following operations:  

( a )  Select ion Function - Each u n i t  provides an input  
Any one of t h e  s tand  capab i l i t y  for 1 2  channels from each of t h ree  t es t  s tands .  

input groups may be se lec ted  remotely f o r  t he  output.  

( b )  T e s t  Functions - By se l ec t ing  any one of t h e  
36 input channels through a ro ta ry  switch, s eve ra l  checkout funct ions may be 
accomplished. A continuity check can be made, and e i t h e r  the  line-to-ground 
res i s tance  o r  t h e  l ine-to-line r e s i s t ance  can be read on a remote ohmmeter. 

The magnet check funct ion can be performed t o  
assure  channelization. 
gage system. 

Operation i s  t h e  same as t h a t  explained f o r  t he  s t r a i n  

A f ixed 40 m i l l i v o l t  s i g n a l  can be appl ied t o  any 
channel t o  provide a channelization check of  the  end instruments.  

( c )  Calibrate Function - During the  remotely cont ro l led  
ca l ib ra t ion  function, the output channels are switched t o  a c a l i b r a t i o n  network. 
Precise  voltage steps of 0,  2.0, 5.0, and 10.0 v o l t s  are appl ied t o  the  network 
from a remote voltage supply t h a t  can be programed. The network contains  a pre- 
c i s ion  Voltage divider  f o r  each channel. Division r a t i o s  of 200 t o  1 o r  1,000 t o  1 
are ava i lab le  as required by the usage of each channel. The r a t i o  is  se l ec t ed  by 
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.. 
means of a switch f o r  each channel. The r e su l t an t  c a l i b r a t e  vol tage s t eps  are 0, 
10, 25, 50 m i l l i v o l t s  i n  the  high (X1.0) range and 0, 2, 5, 10 m i l l i v o l t s  i n  t h e  
low (X0.2) range. 
automatically switched back t o  the appropriate tes t  stand. 

Upon completion of ca l ib ra t ion  operation, t he  channels are 

( 5 Programable Voltage Supply 

The programable voltage supply provides prec is ion  vol t -  
ages t o  the  thermocouple tes t ,  se lec t ion ,  and ca l ib ra t ion  un i t s .  
vides a constant 40 m i l l i v o l t  DC output and a remotely programable output of 0, 
2.0, 5.0, and 10.0 v o l t s  DC. 

The supply pro- 

The absolute accuracy of t h e  40 m i l l i v o l t  DC output 
s h a l l  be within + 0.5% with a load variance of from zero t o  5 milliamperes and 
l i n e  var ia t ions  Of 2 10 .o%. 

The absolute accuracy of t h e  programable output s h a l l  
be within + 0.02%. This accuracy s h a l l  be maintained with the  load varying from 
zero t o  200 milliamperes and l i n e  va r i a t ions  of - + 10.0%. 

One programable vol tage supply s h a l l  be capable of 
handling twelve thermocouple t e s t ,  s e l ec t ion ,  and ca l ib ra t ion  u n i t s .  

3.  Resistance Temperature Transmitter (RTT) 

a. Function 

The prime function of the  r e s i s t ance  temperature t r ansmi t t e r  
system is t o  provide prec ise  temperature measurements i n  the  cryogenic temperature 
region. 
grea te r .  

System accuracies should be + 0.1% of t h e  span o r  + O.l°F whichever is  
Four ranges of temperature measurements a r e  provided as follows : 

N Range -300OF t o  -425OF 
K Range -400'F t o  -425OF 
L Range +75OF t o  -425OF 
Y Range -250'F t o  -425OF 

Sixty RTT channels are provided f o r  general  test  s tand  usage. 

b. System Components 

The RTT system cons is t s  of t ransducers ,  cabl ing,  drop boxes, 
bay boxes, power suppl ies ,  and s igna l  conditioning equipment. 

c. Operation of Components 

(1 Transducers 

A standard prec is ion  platinum w i r e  t ransducer  i s  used 
The accuracy of the  u n i t  is + O.l°F i n  t h e  range of -300°F t o  with t h i s  system. - 
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-200°F and + 0.z0F i n  the  range of -200°F t o  +200°F. 
spec i f ica t ions  of t h e  t ransmi t te rs  are given i n  Aerojet-General Corporation 
Specif icat ion AGC-42114/6. 

Complete descr ipt ions and 

(2 )  Cabling 

A four-wire, shielded cable is  required f o r  each chan- 
ne l  from the  transmitter t o  the s ignal  conditioning u n i t s  located i n  t h e  cont ro l  
room. Drop boxes and bay boxes are used as they were i n  the  s t r a i n  gage system. 
The transmission cabling i s  S12/Sb/C #20 AWG. 

( 3 )  RTT Power Supplies 

A constant current  power supply is  provided f o r  each 
channel. 
amperes. 
and l i n e  voltage va r i a t ion  of + lo%, s h a l l  be within 5 0.01% of  any se lec ted  opera- 
t i o n a l  point.  

The power supply output current is  adjustable  from 0.2 t o  2.0 m i l l i -  
Output regulat ion,  w i t h  a simultaneous load va r i a t ion  of 5 t o  5,000 ohms 

Complete d e t a i l s  are presented i n  AETRON Standard Spec i f ica t ion  
PI-225~. 

( 4 )  RTT Signal Conditioning Units (Figure No. 7)  

The R"T t e s t ,  se lec t ion ,  and ca l ib ra t ion  u n i t  provides 
the  s igna l  conditioning. This i s  a 12-channel un i t  with provisions fo r  s e l ec t ing  
12 input channels from one of th ree  stands t o  the  outputs and power suppl ies .  Any 
one of t h e  input channels may be se lec ted  f o r  checkout operations. 
performed through switches i n  the  RTT tes t ,  se lec t ion ,  and ca l ibra t ion  un i t  as w e l l  
as on ex terna l  tes t  equipment. The checkout functions are similar t o  those dis- 
cussed i n  the  procedure f o r  t he  s t ra in  gage system. 

Checkout i s  

Channel ca l ibra t ion  is accomplished by switching the  
s i g n a l  leads from the  t ransmi t te r  t o  prec is ion  r e s i s t o r s ,  which are i n  s e r i e s  with 
t h e  transmitter power supply c i r c u i t .  The four-step, remotely-controlled cal ibra-  
t i o n  sequence is 0, 25, 50, and 90% of f u l l  s ca l e  range. The precis ion r e s i s t o r s  
are on plug-in cards,  and t h e  ca l ibra t ion  range is altered by changing t h e  plug-in 
ca l ib ra t ion  r e s i s t o r  cards.  

4. Flow and Speed -- 
a. Function 

The purpose of t h e  flow and speed system is t o  provide analog 
and AC s igna ls  proport ional  t o  propellant flow r a t e s  and the  pump turb ine  angular 
ve loc i ty .  Twelve channels are provided. 

b . Sys tern Components 

This system i s  composed of transducers,  drop box, bay box, 

In  t h i s  system, the  bay 
cabl ing,  a flow and speed se lec t ion ,  t e s t ,  and ca l ib ra t ion  un i t ,  and in tegra tors .  
A two conductor shielded cable per channel i s  provided. 
box is shared with t h e  valve posit ion system and propel lant  s t r a i n  gage system. 
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c. Operation of Components 

(1 Transducers 

Turbine-type flowmeters t h a t  produce an AC s igna l  with 
the frequency of the s igna l  proportional t o  the flow rate can be used i n  t h i s  
system. 
near the  t e e t h  of  a ro ta t ing  gear. 
port ional  t o  t h e  gear speed, is produced. 

Pump turb ine  speed probes consist  of a c o i l  with a magnetic core placed 
An AC s igna l ,  t h e  frequency of  which is pro- 

(2) Flow and Speed Selection, Test, and Cal ibrat ion 
Unit (Figure No. 8) 

The flow and speed se lec t ion ,  test, and ca l ib ra t ion  
uni t  is capable of se lec t ing  1 2  channels f o r  one of th ree  stands. The se l ec to r  
switch has a fourth posi t ion which allows the  output t o  be se lec ted  i n  a group of 
ca l ib ra t ion  s igna ls .  

Three groups of ca l ibra t ion  s igna ls  can be manually 
se lec ted  f o r  each channel i n  the four-step, remotely-controlled ca l ib ra t ion  
sequence. The ca l ibra t ion  s ignals  are : 

Full-scale Range Calibration Frequencies 

0.5 K C ~ S  0, 100, 250, 500 cPS 
1.0 K cps 0, 250, 500, 1000 cps 

20.0 K cps 0 ,  l K ,  5K,  10K cps 

Upon completion of the ca l ib ra t ion  sequence, t he  un i t  again s e l e c t s  t he  channels 
required f o r  t he  correct  t e s t  stand input. 

The ca l ibra t ion  frequencies a re  generated external ly  
by the  t i m e  base osc i l l a to r .  

- A - manual - - _. - input channel se lec tor  switch i s  provided t o  
a l l o w  t h e  checkout of all input channels. Flow and speed probe elements can be 
checked fo r  cont inui ty ,  insu la t ion ,  and channelization. The required external  
tes t  equipment consis ts  of the  magnetic check indicator  and an ohmmeter. 
channelization check of the end instrument can be made by applying a 500 cps s ig-  
na l  t o  the  channel i n  question. 

A 

( 3 1 Integrators  

The outputs of the  flow and speed se lec t ion ,  t es t ,  and 
c a l i b r a t i o n  un i t  are cabled t o  the  in tegra tors ,  which convert t h e  AC s igna l  t o  an 
analog DC voltage which is proportional t o  the frequency of the AC s igna l .  
rectangular  wave AC output i s  a l so  generated f o r  dynamic recording. 
gu lar  wave cycle is  generated f o r  each input cycle.  
f i c a t i o n  are: 

A 
One rectan- 

Key items i n  the  u n i t  speci- 

Page 23 



I-4 

r-- 
I 
I 
I 
I 
I 
I 
I 
i 
I 
! 

! 
I 

i 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

i 

@ 
- 
J 

11-1 
L 1 i 

L 

I I 1  
I 4 - 
ii-- 

f 
I -  

1 

I 
1 

.d 
VI 

W 
I-4 

L 4  
Ld 
0 
a 
E 
c, 
rn 

c, 
V 
W 
4 
W 
v) 

a 
aJ 
aJ a 
v) 

5 
0 
8-4 

L 

Page 24 



(a )  F u l l  scale  frequency ranges s h a l l  be 500, lK, 2K, 
5K, 10K, and 20K cps se lec tab le  by panel switch. 

( b )  Linearity s h a l l  be - + 0.1%. 

( c )  High Level DC Output 

- 1 
2 

Impedance s h a l l  be 0.25 ohms o r  less 

Ripple (peak-to-peak) s h a l l  be 0.7% or  less 
of the output at the  f u l l  sca le  input  frequency indicated by the  range se l ec to r .  

- 3 Time constant s h a l l  be 7.5 divided by full 
sca le  frequency. 

- 4 The fill sca le  output voltage s h a l l  be 10  v 
at zero t o  20 milliamperes. 

( d )  Low Level DC Output 

A low l e v e l  (zero t o  50 m i l l i v o l t )  DC output s h a l l  
be provided by means of a voltage divider.  

( e )  Pulse Output 

The pulse output s h a l l  be a rectangular pulse f o r  
each cycle of input. The pulse s h a l l  be a one v o l t ,  pos i t ive ,  rectangular pulse 
fo r  a 100 ohm or less source impedance. 

Additional d e t a i l s  are presented i n  AETRON Stand- 
ard Spec i f  i c a t  ion PI-234a. 

Valve Posi t ion 5 .  - 
a. Function 

The function of t he  valve pos i t ion  system is  t o  provide 
analog s igna ls  t h a t  are proportional t o  angular o r  l i n e a r  posi t ions of the  valve 
components o r  other  hardware components where pos i t ion  data is  required. 

b . Sys tern Components 

The 24-channel valve pos i t ion  system is  composed of t rans-  
ducers, drop boxes, bay box, transmission cabling, valve posi t ion range and 
ca l ib ra t ion  un i t s ,  and a DC power supply. The system is  of the bridge-type; t he  
t ransducer  forms two legs  and t h e  other two legs  are formed by the balance 
potentiometer within the  valve posit ion range and ca l ibra t ion  uni t .  
cabl ing per channel is three-conductor shielded; however, a four-conductor 
sh ie lded  cable per channel i s  used for  the purposes of transmission cable uni- 
formity and interchangeabi l i ty .  

The required 
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c. Operation of Components 

With t h e  switches set as indica ted  above, t he  valve 
is opened and t h e  range potentiometer i s  adjusted t o  a f i v e  v o l t  reading on t h e  
DC n u l l  voltmeter. Next, t he  mode switch i s  set t o  t h e  ca l ib ra t ion  adjustment 

1 
1 
i 

(1) Transducers 

The transducers used i n  the  valve pos i t ion  system are 
angular o r  l i n e a r  motion potentiometers. 
res i s tance  taper  versus motion types.  

The potentiometers should be t h e  l i n e a r  

In  most instances,  t he  potentiometer w i l l  be included 
This system w i l l  accept potentiometers i n  t h e  as an in t eg ra l  par t  of the  valve. 

range of 500 t o  10,000 ohms res i s tance ;  however, a nominal 2,000 ohm potentio- 
meter i s  preferred.  

(2) System Circui t ry  (Figure N o .  9 )  

Signal conditioning and channel checkout is  performed 
at the valve posi t ion range and ca l ib ra t ion  un i t .  
handles twelve channels. 

Two u n i t s  are provided; each 

Exci ta t ion fo r  all channels i s  provided by an adjust-  
ab le  zero t o  15 volt  DC power supply, which must be able t o  de l iver  up t o  f i v e  
amperes. The set output voltage s h a l l  remain within 2 0.1% with 10% l i n e  voltage 
va r i a t ion ,  0.1% or 3 m i l l i v o l t s  with zero t o  full sca l e  output current  va r i a t ion ,  
and 0.1% o r  6 mi l l i vo l t s  over a period of e ight  hours after warmup. Each channel 
i s  i so l a t ed  from the power supply through 100 ohm r e s i s t o r s  i n  each bridge exci- 
t a t  ion c i r c u i t .  

The valve posi t ion range and ca l ib ra t ion  u n i t  has pro- 
vis ions f o r  four outputs f o r  each channel. A high l e v e l  output,  a low l e v e l  out- 
put ,  and two galvo outputs are provided. 
within the un i t .  

Galvo damping r e s i s t o r s  are loca ted  

A DC n u l l  voltmeter and an ohmmeter are mounted on a 
panel near the  valve pos i t ion  and ca l ib ra t ion  u n i t .  
and checkout of t h i s  system during operation. A complete cont inui ty  check and 
an adequate insulat ion check can be made using the t ransducer  tes t  switch 
(momentary) and continuity test switch. 

These are required f o r  setup 

The balance, ca l ib ra t ion  adjustment, and range 
potentiometers a r e  set-up using the  following procedure: 

With t h e  valve closed, a nominal 10 V exc i ta t ion ,  t h e  
channel s e l ec t  switch set t o  t h e  desired channel, and the mode se l ec t ion  switch 
set t o  the  balance pos i t ion ,  t h e  balance potentiometer is  adjusted f o r  a n u l l  
reading on the  DC nu l l  voltmeter. 
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pos i t ion  and the  cal ibrat ion adjustment potentiometer is adjusted f o r  a n u l l  
reading on the DC nu l l  voltmeter. 

The valve can then be closed and switches returned t o  
the off posi t ion.  
are insulated.  

This procedure i s  repeated f o r  all channels after the  valves 

To set up end instruments, t he  fu l l - sca le  (valve open) 
s igna l  can be at ta ined by remotely se lec t ing  the second o r  t h i r d  ca l ib ra t ion  s t ep  
(25% or  50%). 
range and balance potentiometers t o  the ca l ibra t ion  adjustment and range potenti-  
ometers, respectively.  

This procedure energizes relays t h a t  switch t h e  output fl-om the  

The fea ture  f o r  test stand se lec t ion  of other channels 
was not included i n  t h i s  panel. 
able f o r  functional t e s t i n g  at any t i m e .  

Thus, valve pos i t ion  indicat ion i s  readi ly  avai l -  

6. HiRh Frequency 

a. Function 

The high frequency system s h a l l  be capable of acquiring 
dynamic pressure,  vibrat ion,  accelerat ion,  and force data i n  the  frequency range 
of steady state t o  10,000 cps. A 36-channel system i s  provided. 

b. System Components 

The system is  composed of transducers,  cabling, voltage 
controlled osc i l l a to r s ,  power suppl ies ,  a high frequency ca l ib ra t ion  cont ro l  u n i t ,  
an audio osc i l l a to r ,  an AC-to-DC converter, an event counter, FM recording un i t s ,  
and analog tape recorders. A block diagram of the  system is presented i n  
Figure No. 10. 

c. Operation of t he  Components 

( 1) Transducers 

Ei ther  the  charge (p i ezoe lec t r i c  ) or  the voltage (br idge 
type transducers can be used i n  t h i s  system. For t h e  bridge-type transducers,  a 
constant voltage o r  constant current  exc i ta t ion  is  ava i lab le .  Transducers gener- 
a l l y  used i n  t h i s  system are not standardized f o r  s e n s i t i v i t y .  The system frequency 
response when us ing  voltage producing transducers i s  DC t o  10 KC maximum. Charge 
producing transducers are capac i t ive ly  coupled, thereby diminishing the low end of 
the  frequency response t o  20 cycles per second. 
s e n s i t i v i t y  range is 50 t o  50,000 picacoulombs. 
s e n s i t i v i t y  range is 5 mil l ivo l t s  t o  5 vo l t s .  

The system f u l l  s ca l e  charge 
The system f u l l  s ca l e  voltage 
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( 2 )  Cabling 

i Page 30 

Low capacity coaxial  cable i s  used throughout t h i s  system 
for  s igna l  transmission. 
exc i ta t ion  current  as required. 

A shielded two-conductor cable per  channel provides 

(3)  Signal  Conditioning 

( a )  Voltage Controlled Osc i l l a to r  

The voltage cont ro l led  o s c i l l a t o r  (VCO) i s  t h e  
p r inc ipa l  s i g n a l  conditioning component i n  t h e  high frequency system. The VCO is 
a bipolar  input device t h a t  generates an FM s igna l  with a center  frequency of 
2 1 6 ~  cycles per  second and a fill s c a l e  frequency deviat ion of  + 40%. The FM 
s igna l  is t ransmit ted to  the  analog/FM tape recorder ,  ampl i f i edby  a spec ia l  
plug-in FM recording u n i t ,  and recorded on tape.  

The e r r o r  of t he  VCO conversion t o  FM s h a l l  be 
no grea te r  than 2 2 . 0 %  of full sca l e  at 1000 cycles per second i n  t h e  charge mode. 
I n  the voltage mode, the  e r r o r  of conversion s h a l l  be no g rea t e r  than 0.25% of 
the VCO center  frequency. 
presented i n  A.ETRON Standard Spec i f ica t ion  PI-260, October 1964. 

Complete d e t a i l s  of t h e  VCO and FM recording u n i t  are 

In the  cont ro l  room, t h e  F'M s igna l  passes through 
the  high frequency ca l ib ra t ion  control  u n i t ,  which suppl ies  a program of signals 
t h a t  are placed on t h e  tape t o  a id  i n  spanning the end instrument duting playback 
of recorded tapes .  The following FM ca l ib ra t ion  s igna ls  can be obtained: 

Step 1 Lower Band Edge 
Step 2 Upper Band Edge Manual o r  
Step 3 10% AC Remotely-Controlled 
Step 4 100% AC 

By manually con t ro l l i ng  the  s t eps ,  an add i t iona l  
center  band FM s igna l  is  avai lable .  

The ca l ib ra t ion  s i g n a l s  are generated by an audio 
o s c i l l a t o r ,  an AC-to-DC converter,  and a VCO. An e lec t ron ic  counter is  used t o  
e s t ab l i sh  t h e  ca l ib ra t ion  s igna l  l e v e l s .  
switching i n  the  high frequency c a l i b r a t e  con t ro l  u n i t ,  t h e  c a l i b r a t i o n  sequence 
is generated as follows: 

Through use of a vol tage d iv ide r  and 

The audio o s c i l l a t o r  i s  set t o  a nominal frequency 
To adjust  t h e  audio o s c i l l a t o r  amplitude cont ro l ,  t h e  upper band edge (1000 cps) .  

ca l ib ra t ion  step i s  s e l ec t ed  and the  amplitude i s  adjusted f o r  a reading of 
302.4 K cps on t h e  counter. 
ca l ib ra t ion  s t eps  can be made as required.  

No o ther  adjustments are required.  Se lec t ion  of t h e  



The VCO used i n  the  calibrate c i r c u i t  i s  in t e r -  
changeable with t h e  un i t s  located i n  the terminal room. 

The AC-to-DC converter w a s  incorporated i n t o  t h e  
ca l ib ra t ion  c i r c u i t  as a DC voltage supply and a prec ise  method f o r  s e t t i n g  t h e  
AC voltage ca l ibra t ion  l eve l .  A conversion accuracy of + 0.3% of full sca l e  
- + 1 mi l l ivo l t  is  p rac t i ca l .  Coupling t h i s  un i t  t o  t he  VZO and coupling the  VCO 
t o  a-counter provides a precise  method f o r  measuring AC voltages.  

( 4 )  Power Supply 

A constant voltage/constant current  power supply is 
A regulated constant current  o r  con- provided f o r  each high frequency channel. 

s t a n t  voltage may be se lec ted  by a switch fo r  the  p a r t i c u l a r  transducer 
requirements. 

In  the constant-current mode, t he  output current is  
25 milliamperes. In  the constant current-voltage mode, the  output is  10 v o l t s .  
The s t a b i l i t y  spec i f ica t ion  allows no more than a 0.05% drift  f o r  a 24 hour 
period. This power supply i s  described i n  d e t a i l  i n  AETRON Specif icat ion PI-274. 

7 .  - Leak Metering 

a. Function 

The requirements f o r  t h i s  l eak  metering system were estab- 
leakage r a t e  of l i q u i d  oxygen and l i qu id  hydro- l i s h e d  t o  measure the ConosealR 

gen during the development phase of the M-1 Engine. Based upon these needs, a 
spec i f i ca t ion  (AETRON Specif icat ion P I  260a) f o r  leak  metering transducers w a s  
wr i t ten .  The following are the  general requirements of t h i s  specif icat ion:  

M a s s  Flow Range (Oxygen 
o r  Hydrogen) 

0 t o  10 s t d  cc 

0 t o  100 s t d  cc/min 

D r i f t  + 0.2% (Environment -250OF t o  150'F 
Temperature var ia t ion  1 

20°F t o  150'F 

40°F t o  150°F 

S t a b i l i t y  5 1% ( G a s  
Temperature Variation) 

Accuracy 

R Registered trademark of t he  Aeroquip Corporation 

-35OoF t o  150°F 

-100OF t o  150°F 

O°F t o  100°F 

+ 1% of f u l l  s ca l e  - 
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Response Time 1 sec o r  less t o  63% 
response t o  a s t e p  f l o w  
change 

One company proposed using a thermal conductivity bridge 
technique with the following exceptions: 
( 2 )  output drift  resu l t ing  from environmental temperature var ia t ions  - 2 1%. 

(1) Response t i m e  5 t o  6 sec,  and 

Another company proposed using t h e i r  standard Thermal Mass 
Flow Sensor with an exception of + 0.8% i f  gas o r  ambient temperature i s  held t o  
150°F and could be 5 2% with temperature of -35OOF. 

No procurement act ion was taken concerning t h i s  specifica- 
t i o n  and no system components were designed. 

b. Operation 

These transducers were t o  be located on the  test  hardware 

The power supplies and se l ec to r  un i t s  would be located i n  the  
i n  the same manner as a regular transducer. 
with drop boxes. 
control  room. 
couple system would be used f o r  ca l ibra t ion .  

The t e s t  stand would be equipped 

A voltage subs t i t u t ion  system similar t o  t h a t  used i n  t h e  thermo- 

8. Analog Recording - and Processing 

a. Analog Tape Recorder 

The analog tape system is composed of two un i t s  with 32 
recording t racks  and one machine w i t h  32 recording t racks  and 32 t racks  f o r  
reproduction. The tape recorders intended f o r  use are Ampex FR12OO's and were 
procured i n  accordance w i t h  AETRON Specif icat ion PI  246a. 
and reproduce FM on a l-in.  tape.  
10,000 cps wi th  l e s s  than 2.0% harmonic d i s to r t ion .  

These machines record 
The frequency response a t  60 cps i s  0 t o  

The analog recording system w i l l  accept a l l  input da ta  by 
means of t he  control room data  patch system. This analog tape system w i l l  be  
the prime recording system f o r  t r ans i en t  data  requir ing up t o  10 KC response. 
Data taken on analog magnetic tape may be re-recorded on an oscil lograph recorder 
f o r  the  purposes of analysis  o r  manual data  reduction. The systems t h a t  w i l l  
provide data  fo r  recording on analog tape are: 
frequency system, and (3) sound l e v e l  pressure via microphones. 

(1 )  s t r a i n  gage system, (2) high 

The analoa machine with CaDabili t ies f o r  reproduction can 
a l so  be used w i t h  a tape loop for Dynamic P res sGe  Analysis System (see Section 
III,B,15). 
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b. Oscillograph Recording System 

The oscillograph recording system i s  composed of two 36- 
channel combination d i r e c t  writing-photo processing type machines. 
were t o  be of t he  Minneapolis-Honeywell Model 1612 type. 

These machines 

The oscillograph would be used t o  record on-line static and 
dynamic data. Because the number of analog tape channels is l imi ted ,  the osc i l lo -  
graph would be used primarily t o  record t r ans i en t  data  and the  AC output from 
functions such as flows and speeds. 

One oscillograph could be used t o  record analog tape play- 
backs from one Ampex FR1200 by means of galvo dr iver  amplif iers .  
would provide oscil lograph records of data taken on analog tape.  
provide f o r  spec ia l  f i l t e r i n g ,  expanding sca les  o r  range, and other  techniques 
used i n  analyzing high frequency data. 

This system 
It would also 

c. S t r i p  Chart Recorders 

The s t r i p  chart recording system w a s  t o  consis t  of 20 ten- 
inch s ing le  channel records,  two five-inch s ingle  channel records,  and one 24-point 
recorder. 
equipped with e ight  digital-to-analog converters t o  display performance data on-line 
v i a  the  s t r i p  char t  recorders.  

In  addi t ion t o  recording on-line analog data ,  t he  computer subsystem is 

d. Visual Gages 

The v isua l  gage system consis ts  of 48 channels of low l e v e l  
ind ica tors .  This system would be used t o  monitor on- o r  off- l ine functions.  
channel w i l l  be equipped with i ts  own amplifier.  
designed by Aerojet-General Corporation and a s ing le  channel w a s  fabr ica ted  and 
evaluated. 

Each 
This v i sua l  gage system w a s  

The general specif icat ions are as follows: 

Input: 
Span Adjustment: 9 t o  110 mv DC 
Zero Adjustment : + 5 mv DC 
Input Impedance: 5 l O O K  ohms d i f f e r e n t i a l  
Common Mode Rejection: 
Source Impedance: Up t o  500 ohms 
Amplifier Linearity: - + 0.5% 

0 t o  10 mv up t o  0 t o  100 mv DC 

,100 db ( 0  t o  60 cps) 

e. Functional Graphic Recorder 

The functional graphic recorder is  a combination analog 
five-channel and event pin marker 36 channel direct-wri te  recorder. 
funct ion of t h i s  recorder would be to  provide off- l ine recording f o r  pre- and 
pos t - f i re  e l e c t r i c  functions of the valve and e l e c t r i c  sequencing of t h e  engine. 
The analog inputs are ava i lab le  through the  instrumentation data acquis i t ion  
patch system, while t he  event channels are patched through the  engine sequence 
patch panel i n  the  control  room. 

The bas ic  
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The following general  spec i f ica t ions  for t h i s  recorder are 
ex t rac ted  f r o m  AETRON Spec i f ica t ion  PI-271: 

(1) Channels - Five-channel analog; 36-channel event 
recorder presentat ion s h a l l  be ink less  on pressure thermal cha r t  paper i n  t r u e  
r e c t i l i n e a r  form. 

(2) Analog Recorder - Signal Input s h a l l  be balanced and 
have a minimum i so la t ion  r e s i s t ance  of 500,000 ohms t o  ground for each input  lead.  

( 3 )  Common Mode Rejection - A minimum of 60 db from DC to 
100 cps. 

( 4 )  Linear i ty  - 2 0.25 char t  d iv is ions  or  less at  any gain 
p o s i t  ion. 

(5) Response Time - 4 mil l i s ec  o r  less f o r  a 4 centimeter 
def lec t ion  with overshoot of less than 4%. 

( 6 )  Event Recorder - 
( a )  Rise Time - 6 mi l l i s ec  with a reso lu t ion  of 

3 mi l l i s ec .  

( b )  Solenoid Input Power - The solenoid event marker 
operates  from 28 vol t s  DC 20% at 70 milliamp maximum.  

( c )  Frequency Response - A t  any a t tenuator  pos i t i on  
and with a full scale  input s i g n a l  of any frequency from DC t o  30 cps, t h e  
recorder output reading s h a l l  be within 2.0% of f u l l  s ca l e .  

9. Dig i ta l  Recording - and Processin@; (Figure No. 11) 

a. System Description 

The d i g i t a l  recording and processing system (Figure No. 12) 
i s  cont ro l led  by a d i g i t a l  computer which w i l l  operate  on-line (real  t i m e )  with 
the  system during an engine test .  
acquire,  process,  and record t e s t  data .  The processing w i l l  cons is t  of engine 
performance computations and data-limit  checks. Event recording and system con- 
t r o l  funct ions w i l l  also be performed. A l l  computer operat ions w i l l  be executed 
concurrently on a time-shared basis. 

During the  t es t  operat ion,  t he  system w i l l  

(1) Computer 

The computer is  a S c i e n t i f i c  Data Systems (SDS) 
Model 930 general  purpose d i g i t a l  computer with 16,384 words of memory (1.925 
microsec cycle time), four input/output channels, and 16 p r i o r i t y  i n t e r r u p t  
channels. 
channels, and the  standard S c i e n t i f i c  Data Systems per iphera l  equipment share  

The Aerojet-General spec ia l  subsystems use t h r e e  of t he  input/output 
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t he  
are I 

four th  channel 
as follows: 

(see Figure No. 12).  The per iphera l  equipment spec i f i ca t ions  

(a) Typewriter - IBM S e l e c t r i c ,  wide carr iage,  
15  character/second output rate. 

( b )  Line P r in t e r  - Data Products Corporation, 600 
l i n e s  per  minute output rate. 

( c )  Card Reader - Burroughs Corporation, 200 cards 
per  minute input rate. 

( d )  Card F’unch - I B M  Model 523, 100 cards pe r  minute 
output r a t e .  

( e )  Magnetic Tape Units (Four) - Ampex Model TM-4, 
input/output rates of 60 kc, 41.7 kc, and 1 5  kc, at tape  dens i t i e s  of 800, 556, 
and 200 b i t s  per  inch respect ively.  

(f! b!e.tchc?cg T i m e r  - An SDS timer device t h a t  w i l l  

(This device does not share the  standard per ipheral  
monitor cor rec t  computer operation by requir ing reset pulses a t  minimum r e p e t i t i o n  
rates of 10 mill iseconds.  
channel. ) 

( 2 )  Data Conversion Subsystem 

The da ta  conversion subsystem, produced by Redcor 
Corporation, will multiplex and d i g i t i z e  high l e v e l  and low l e v e l  analog s igna l s  
f o r  computer entry and recording. The analog channel multiplexing is  cont ro l led  
by t h e  computer by means of channel address l i s t  transmission. The address l i s ts  
w i l l  contain channel addresses of selected channels f o r  a given tes t  where chan- 
n e l  s e l ec t ion  may be at random. All l is ts  w i l l  be prepared i n  the form of com- 
puter  input p r i o r  t o  a tes t .  As the  channel addresses a re  received by the  sub- 
system from t h e  computer v i a  one channel, t h e  corresponding da ta  which has been 
acquired and d i g i t i z e d  w i l l  be transmitted t o  the  computer on another channel 
(see Figure No. 1 2 ) .  The channel address words are p a r i t y  checked upon entry i o  
the d a t a  conversion subsystem and the s t a t u s  is  under in t e r rup t  control  with t h e  
computer. 
under similar in t e r rup t  cont ro l .  

Also the  da ta  words are par i ty  checked upon en t ry  t o  the  computer 

There are 350 low l e v e l  analog channels which are 
divided i n t o  four low l e v e l  multiplexers (Redcor Model 625) with 96 channel 
capab i l i t y  per  group (see Figure No. 13) 
i n  t h i s  configuration. 
30, 100, 300, and 500 mi l l i vo l t s  fill scale .  The channel e r ro r s ,  as determined 
during the  acceptance t e s t s ,  a r e  equal t o  o r  less than the  following spec i f ied  
values : 

There are 34 spare channel pos i t ions  
Each channel has s e n s i t i v i t y  s teps  of plus  and minus 10, 
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System Point Error (e), + 0.2% 
Linearity Error (e,), 5 0.5% 
Precision Error ( e  ), 5 0.1% 

P 
There a re  100 high l e v e l  analog channels which are 

supplied t o  a Redcor Corporation Model 608 high l e v e l  multiplexer (see Figure 
No. 13). This multiplexer has a capacity f o r  28 addi t iona l  channels. The high 
l e v e l  channel e r ro r s ,  as determined during the  acceptance tes t ,  are equal t o  or  
less than the  following specif ied values: 

System Point Error (e), + 0.1% 
Linearity Error  (e,), 2 5.02% 
Precision Error ( e  ) , 5 0.03% 

P 
The analog-to-digital converter produces a binary da ta  

word t h a t  has a format of 1 4  b i t s  plus s ign plus  pa r i ty .  

The m a x i m u m  system sampling rate is  10,000 channels 
per second. 

(3 )  Master Clock Subsystem 

The master clock subsystem provides the  computer with 
The clock pulses a re  fed in to  t h e  

The t i m e  accumulator r e g i s t e r  provides a 24 b i t  t i m e  word 

both clock pulse and t i m e  accumulation input.  
computer p r i o r i t y  in t e r rup t  system t o  provide the basic  timing references f o r  
scanning and control.  
upon command from the  computer f o r  recording and control  purposes. 

The pulse output of the  master clock subsystem consis ts  
of  computer-selectable r epe t i t i on  ra tes  of 1000, 500, 100, and 50 pulses per  sec- 
and f o r  scan timing and a f ixed one Dulse per second rate f o r  updating display. 

The computer addressable t i m e  accumulator r e g i s t e r  pro- 
vides f o r  a m a x i m u m  accumulated time work (millisecond reso lu t ion)  of 16777.215 
sec.  The start ,  stop, and reset controls are addressed by the  computer. 

(4 Display Subsystem 

The display subsystem provides four  remote displays 
f o r  v i sua l  readout of preselected parameters during a test .  Each display con- 
sists of a decimal in teger  (000-999) plus s ign w i t h  two l i m i t  ind ica tors  which 
are yellow and red. The indicator  select ion may be e i t h e r  red,  yellow, o r  both. 

Each display un i t  i s  addressable by the computer and 

The da ta  word is converted t o  decimal (BCD) by 
w i l l  accept binary input data i n  the form of s ign (1 b i t )  plus magnitude (10 b i t s )  
with l i m i t  ind ica tors  ( 2  b i t s ) .  
a binary converter t h a t  i s  shared by t he  four display uni t s .  
per  word i s  less than 100 microsec, as determined during the acceptance tests. 
A t  t he  termination of each conversion process, a s igna l  i s  generated and t rans-  
mi t ted  t o  the p r i o r i t y  in te r rupt  system. 

The conversion t i m e  
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( 5 )  Control Logic Subsystem 

The control  log ic  subsystem provides a means f o r  the 
There are 24 individu- 

The addressing scheme is  such t h a t  these relays may be 
The re lay  set  

computer t o  actuate  se lec ted  re lays  by address control.  
a l l y  addressable relays.  
e i t h e r  addressed singly o r  multiple addressed i n  any combination. 
o r  r e se t  s t a t u s  are accomplished by computer transmission of a 24 b i t  word, 
wherein each b i t  posit ion controls a s ing le  re lay.  
and one is  equivalent t o  set. 
5 mil l i sec .  

Zero i s  equivalent t o  reset 
The relay pul l - in  and drop-out times do not exceed 

(6 )  Event Subsystem 

The event subsystem provides the  computer with the  
mer. any of f a c i l i t y  of acquiring ok/off data  by means of in te r rupt  control .  

t h e  72 input channels of the event subsystem experience a change of state, a 
p r i o r i t y  in t e r rup t  w i l l  be generated. Upon rece ip t  of t h e  in t e r rup t ,  t h e  com- 
puter will consequently acquire and record the data and time and w i l l  provide the 
necessary process control.  

The event channels are arranged i n  three  groups, 
wherein each group consis ts  of a 24-bit input buffer  r e g i s t e r  with an in t e r rup t  
l i n e .  
change occurs i n  t h e  group r eg i s t e r .  

An in te r rupt  pulse is generated f o r  a group of 24 channels when a b i t  

( 7 )  Digital-to-Analog Subsystem 

The digital-to-analog subsystem converts d i g i t a l  da t a  
output from the computer t o  an equivalent analog voltage.  Eight d ig i ta l - to-  
analog un i t s  are included i n  the  subsystem. Each u n i t  accepts an e ight  b i t  plus 
s ign ( 2 ' s  compliment) word from the computer. 
a-voltage i n  the  range of - + zero t o  5 v o l t s  DC. 

The d i g i t a l  word is  converted t o  

b. System Function 

A l l  d i g i t a l  da t a  system functions w i l l  be control led 
by t he  computer through the  use of a computer program. This program w i l l  cause 
the computer t o  continuously accept and record da ta  during a test. Concurrently 
w i t h  t he  data acquisit ion process, the  computer w i l l  compute engine performance 
parameters, monitor data ,  and execute test cont ro l  functions.  

The computer will acquire  da t a  from the data conver- 
s ion subsystem by selected channel addresses at a m a x i m u m  rate of 10 kc. The 
data  conversion subsystem w i l l  t ransmit the  corresponding da ta  words back t o  the  
computer at the same ra t e .  For processing purposes, t he  da ta  w i l l  remain i n  t h e  
Computer memory for  a short  period and then w i l l  be recorded on magnetic tape 
(gapped) at a 20 kc word r a t e .  The channel sampling rate and address se l ec t ion  
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w i l l  be determined by computer input p r io r  t o  a test .  
rates of 5 ,  25, o r  50, w i l l  be used normally; however, o ther  rates are avai lable  
through program modification. 

Individual channel sampling 

The events da ta  (on/off data) will be detected by the  

The computer, upon rece ip t  
computer by means of a p r i o r i t y  in te r rupt  s igna l  t h a t  w i l l  be generated by t h e  
events subsystem when a channel s t a t e  change occurs. 
of an i n t e r rup t ,  w i l l  immediately acquire and record the  da ta  s t a t u s  with the  
time-of-state change. 
t ions  after rece ip t  of cer ta in  event information as defined by computer input 
p r i o r  t o  a test. 

The computer w i l l  a l so  process any necessary control  func- 

The on-line computations w i l l  include the  determination 

The calculated 
of propel lant  dens i t ies  (from curve f i t  data), weight flow rates, mixture r a t i o s ,  
spec i f ic  impulse, t h r u s t  and net  pos i t ive  suction pressure (NPSP), 
r e s u l t s  can be displayed on s t r i p  chart recorders through the  use of the  d ig i t a l -  
to-analog subsystem and/or pr in ted  w i t h  time data  i n  tabular  form by the  l i n e  
p r in t e r .  The steady-state conditions w i l l  be determined by the  computer t o  assist 
i n  engine balance (mixture r a t i o )  adjustments. Computer control led fuel flow 
adjustments can be incorporated i n  t h e  fu ture  as on-line engine balancing experi- 
ence is  developed. 

The computer w i l l  monitor data  from se lec ted  channels 
by l i m i t  checking with fixed o r  var iable  l i m i t  values as spec i f ied  by program 
input p r i o r  t o  the  test. 
be determined by evaluating l i m i t - t i m e  functions a t  a point .  Out-of-limit condi- 
t i ons  w i l l  be indicated by use of the control  log ic  subsystem, display subsystem, 
or  t h e  l i n e  p r in t e r .  

A t  t he  time of each comparison, the  var iable  l i m i t s  w i l l  

The se lec t ion  w i l l  be spec i f ied  by program input.  

The visual  displays of the display subsystem w i l l  be 
normally used f o r  the a l t i t u d e  diffuser temperature instrumentation a t  T e s t  Stand 
K-2. 
measurements of a common d i f fuser  zone. The highest temperature value of a 
se l ec t ed  block w i l l  be determined once a second, l i m i t  checked, and converted t o  
engineering u n i t s  and displayed. If an out-of-limit condition ex i s t s ,  t h e  yellow 
o r  red indica tor  i i g n t  can give w a r n i n g  of %fie co i i d l t i on  depecdkg q z n  +he "--- .------ 
of the  exceeded l i m i t .  The cont ro l  log ic  may be used t o  actuate  an alarm i n  con- 
junct ion with the  ind ica tor  l i g h t s .  The system will handle four blocks, one f o r  
each display uni t  of the  display subsystem. 

The computer w i l l  s e l e c t  a series of channels representing temperature 

Control functions can be i n i t i a t e d  through the  use of 
t he  cont ro l  log ic  subsystem at fixed times and/or following a sequence o r  s ing le  
event. 
t a c t  c losure t o  actuate  audio or  visual  alarms. 

Any determined out-of-limit condition can be indicated through re lay  con- 

Data from se lec ted  channels can be converted t o  engi- 
neering un i t s  and supplied t o  s t r i p  char t  recorders through the  use of the  
digital-to-analog subsystem. 

Page 41 



(2)  Off-Line 

Between tests (of f - l ine) ,  t he  computer w i l l  be avail-  
ab le  as a general purpose computer. During t h i s  t i m e ,  t h e  computer w i l l  process 
and tabula te  recorded and calculated da ta  s tored  on tape during the  on-line test  
period. 
mentation and control systems. It w i l l  a l s o  control  the  ca l ib ra t ion  of t h e  da t a  
acquis i t ion system. 

P r io r  t o ,  as w e l l  as after the tests, the  computer w i l l  check t h e  ins t ru-  

The computer w i l l  be ava i lab le  f o r  solving engineering 
problems and processing of business,  inventory, and reinspect ion data. A complete 
l i b r a r y  of software is  avai lable  with the  computer f o r  these off- l ine programing 
tasks .  Included are a monitor system, assembler, Fortran 11, s o r t  rout ine,  and a 
f i l e  managment system. 

c 

Time Code Generator/Tape Search Master Time B a s e  10. - - 
The t i m e  code generator/reader w i l l  be used i n  the  da ta  acquisi- 

The uni t  w i l l  provide timing for  cor re la t ing  data t o  be recorded on t i o n  system. 
Ampex FR-1200 tape recorders and s t r i p  char t s  o r  osci l lograph recorders.  The time 
code generator/reader, i n  the run mode, w i l l  provide a modulated t i m e  code t o  be 
recorded simultaneously with the data. In  addi t ion,  a l e v e l  s h i f t  slow code w i l l  
be provided f o r  recording on oscil lographs and s t r i p  char t s .  The u n i t  w i l l  a l s o  
have provisions for  se lec t ing  e i t h e r  a 24-hour t i m e  of day code o r  an elapsed t i m e  
code. In the  reproduce mode, it w i l l  be capable of accepting the  modulated car- 
rier t i m e  code from the  analog tape recorders and display the t i m e  at playback 
speeds up t o  200 times the  record speed, i n  both forward and reverse modes. The 
tape read mode o r  reproduce mode w i l l  be used t o  reach tape using the  t i m e  code 
recorded on the  tape. The search mode w i l l  be used t o  loca t e  and reproduce seg- 
ments of data  without reviewing the  e n t i r e  tes t  by manual means. 

The master time base generator i s  a separate  piece of equipment 
and is composed of a crystal-control led o s c i l l a t o r  with a time base of one megacycle. 
The time base provides a common frequency device fo r  all control  room recording 
equipment and s ignal  conditioning equipment requir ing e i ther  a s ine  wave o r  square 
wave frequency . 

Equipment such as the frequency-to-dc-converters used i n  t h e  flow 
system, the overspeed t r i p  u n i t ,  the control  sequence and timing system, the  
d i g i t a l  computer, and the  t i m e  code generator requir ing d i sc re t e  frequency f o r  
timing and other  operations. 

The t i m e  base generator w a s  procured i n  accordance w i t h  AETRON 
Specif icat ion PI-258a, which provides fo r :  

a. S t a b i l i t y  of one p a r t  per  mi l l ion  i n  any 24-hour period and 
long term s t a b i l i t y  of ten  p a r t s  per  mil l ion i n  any 30-day period. 

b. The o s c i l l a t o r  sha l l  be capable of being adjusted t o  an 
accuracy of at least one p a r t  per  mil l ion.  
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c. Square and s ine  wave output with an amplitude of 15 v o l t s .  

Square Wave Frequencies -- Sine Wave Frequencies 

1000 cps 
100 cps 
10 cps 
1 cps 

20 kc 
10 kc 

5 kc 
1 kc 

500 cps 
250 cps 
100 cps 

11. Program Data Patch 

The instrumentation data patch system f o r  the K-1 Control Room 
w a s  designed t o  handle as t h e  data  acquisit ion channels f o r  T e s t  Stand K-1 and 
K-2 by means of the program board type patch system. 
of t he  following types of boards. 

This patch system consis ts  

a. Low Level Program Patch ("Amp" 4896) 

This patch board contains all r a w  s igna l  inputs d i r ec t ly  
from the  tes t  stand o r  v i a  a s igna l  select ion system, amplif ier  inputs,  low l e v e l  
d i g i t a l  input,  low leve l  v i sua l  inputs, s t r i p  char t  records,  as w e l l  as cross- 
patch e n t r i e s  t o  the  o ther  patch boards. 

b. High Level Program Patch ("Amp" 4896) 

This patch board contains high l e v e l  r a w  s i g n d s  such as 
valve pos i t ion  and high frequency outputs and AC s igna l  inputs from flowmeter and 
turb ine  pickups, oscil lograph inputs,  amplif ier  outputs,  spec t r a l  analyzer inputs ,  
analog tape inputs and output,  t e s t  equipment input output s igna ls ,  and high level 
d i g i t a l  inputs.  

c. F a c i l i t y  Program Patch ("Amp" 3264) 

This patch panel provides the  operat ional  a b i l i t y  t o  perform 
checkout and long-term conditioning of the secondary tes t  posi t ion while o ther  
a c t i v i t i e s  such as a tes t  setup o r  a hot f i r i n g  is  performed on another t es t  stand. 
This patch board w a s  designed i n t o  t h e  system because of T e s t  Stand K-1 and K-2 
a l t i t u d e  d i f fuse r  capab i l i t i e s  as well as t he  long-term temperature soak period 
required.  The board contains raw thermocouple inputs ,  low l e v e l  d i g i t a l  inputs ,  
low level v isua l  inputs ,  and multipoint s t r i p  char t  recorder inputs.  

d. Event Program Patch ("Amp1' 1632) 

The event patch board provides en t ry  i n t o  the  d i g i t a l  event 
system (computer) and the  oscillograph fo r  recording voltage event functions 
o r ig ina t ing  from the engine sequence cont ro l  system. 
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e. Functional Patch 

This patch system, unlike the low l e v e l ,  high l e v e l  patch 

The patch system w a s  designed 
boards, i s  not of the AMP type patch panel. This patch panel uses individual 
patch cords i n  a fixed patch panel configuration. 
so changes could be made without dis turbing setups i n  process and checkout of 
cont ro l  systems could be made f o r  one o r  more tes t  stands while the  other  stand 
w a s  being set up for hot f i r i n g s .  

12. Dig i ta l  Overspeed Trip Uni t  

a. Function 

The d i g i t a l  overspeed t r i p  u n i t  w a s  designed pr imari ly  to 
meet the  tes t  requirements of the M-1  turbopump assembly development program. 
Exis t ing overspeed t r i p  devices did not exhibi t  t he  accuracy, resolut ion,  and 
speed necessary t o  answer the  demands of t he  M - 1  Program. In  designing t h i s  
un i t ,  performance capab i l i t i e s  w e r e  broadened t o  permit i t s  use f o r  engine test-  
ing as w e l l  as i t s  use i n  other  ex is t ing  tes t  programs. 

b. Performance Requirements 

(1) Input Signal Range 

Input s igna l  l e v e l  t o  the  overspeed t r i p  w i l l  normally 
range from 10 V PP t o  30 V PP during tes t  runs. 
i n  some instances,  secondary pulses present at  as high as 10% of s igna l  l eve l .  
Depending upon the  pa r t i cu la r  combination of hardware, s igna l  l e v e l  may approach 
100 V PP or be as low as 2 o r  3 V PP a t  normal rpm. The overspeed t r i p  u n i t  
(OST) must be capable of operating over t h i s  range; however, the  t r i g g e r  threshold 
requires  adjustment t o  a point m i d w a y  between t h e  an t ic ipa ted  noise and s igna l  
l eve l s .  

Wafeform is of ten  i r r egu la r  with, 

( 2 )  Trip Response 

To prevent hardware damage i n  the  event of tu rb ine  
overspeed under conditions of high accelerat ion,  such as pump cavi ta t ion ,  shut- 
down must be physically i n i t i a t e d  within 10 mi l l i s ec  after t r i p  speed is  reached. 
Relay sequencing subsequent t o  the  overspeed t r i p  absorbs between 7 mil l i s ec  and 
9 mi l l i sec ,  leaving a requirement of approximately 2 mi l l i s ec  f o r  OST ac t ion  
t i m e  . 

( 3)  Frequency Response 

The hardware, f o r  which t h e  d i g i t a l  overspeed t r i p  
un i t  w a s  developed requires  t h a t  the  u n i t  exhib i t  a frequency response Of from 
approximately 500 cps t o  2500 cps. To extend i t s  c a p a b i l i t i e s  and v e r s a t i l i t y  
t o  cover the  majority of other  possible  appl icat ions,  overspeed t r i p  should be 
ava i lab le  over a range of 100 cps t o  15,000 cps. 
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c. Equipment Description 

(1) Mechanical 

The d i g i t a l  overspeed t r i p  is a dual channel u n i t  
mounted on a s l i d i n g  type chassis  which may be pul led out f o r  servicing o r  
adjustment. All c i r c u i t r y ,  with the  exception of t he  power supply, is  mounted 
on plug-in cards. 

Thumb switches on t h e  f ron t  panel are separa te ly  
adjustable  on each channel f o r  the number of gear  t e e t h  and f o r  t h e  " k i l l "  o r  
l i m i t  s e t t i ngs .  A four-digit  BCD readout displays the  period of  revolut ion at  
t r i p .  The d i g i t a l  overspeed t r i p  uni t  dimensions are: width, 24 in .  (19 i n .  
op t iona l ) ;  height ,  10.5 in.;  depth, 23 in . ;  and weight, 30 l b .  

( 2 )  E lec t r i ca l  

All c i r cu i t ry  is  composed of Packard-Bell germanium 
logic  modules with the  exception of  t h e  input amplifier/shaper which i s  an 
P,erz?e+-Genera_l design using s o l i d  state components. The power supply is  a 
Packard-Bell Ty-pe PS-4 and i s  contained i n  the  same chassis .  
lamps a r e  in- l ine Amperex ind ica tors .  

The BCD r e g i s t e r  

Input s ignals  t o  each overspeed t r i p  channel are 
transformer-coupled i n t o  an amplifier shaper c i r c u i t  through a l e v e l  control ,  
which permits t r i g g e r  l e v e l  adjustment from 60 m i l l i v o l t s  t o  100 V PP. 

An input pulse i n i t i a t e s  a timing period which starts 
advancing a four-digit  r e g i s t e r  a t  the t i m e  base clock r a t e  of 100 kc. 
quent input  pulses en te r  a " t ee th  sett ing' '  decade counter which divides t h e  input 
frequency by t h e  number set i n t o  t h e  " tee th  se t t i ng"  thumb switches. 
number of input  pulses has been counted by the  decade, an output pulse is gener- 
a t ed  which s i g n i f i e s  t h a t  one complete turb ine  revolut ion has been completed. If, 
i n  t h e  m e a n t i m e ,  t he  r e g i s t e r  has been f i l l e d  t o  the  s e t t i n g  of t he  " k i l l "  s e t t i n g  
thumb switches, t h i s  ind ica tes  t h a t  the  turb ine  speed is slower than the  prese t  
t r i p  poin t .  For t h i s  condition, the  output puise from iiie t e e t h  s e t t i n g  decade 
resets t h e  r e g i s t e r  and i n i t i a t e s  another timing period. On the  o ther  hand, i f  
t h e  pulse  occurs before the  r e g i s t e r  f i l l s  t o  the  " k i l l "  s e t t i n g ,  clock input t o  
the  r e g i s t e r  is suspended, the t r i p  re lay i s  energized, and sampling i s  suspended 
u n t i l  t h e  channel is manually r e se t .  

Subse- 

When t h a t  

d. Ci rcu i t  Description 

(1) Input Amplif ier/Shaper 

Signals are coupled i n t o  the  input of t h e  amplif ier /  
shaper through an i s o l a t i o n  transformer terminated i n  a 20k t r i g g e r  l e v e l  adjust  
potentiometer. 
diode provide a s t a b l e  DC platform from which the  b i a s  f o r  a Schmidt t r i g g e r  i s  

Three emi t te r  followers with "bootstrap" feedback through a Zener 
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adgustable through a single-stage amplif ier  and emitter follower.  
networks a t  t h e  input t o  t h e  Schmidt t r i g g e r  lessen  s u s c e p t i b i l i t y  t o  spurious 
t r i gge r ing  as a r e s u l t  of power supply o r  l i n e  noise.  
by t h e  Schmitt t r i gge r  applied the  shaped s i g n a l  t o  subsequent logic  c i r c u i t r y .  

Two low-pass 

A t r a n s i s t o r  switch driven 

( 2 )  Logic (Figure No. 1 4 )  

L 

With the  u n i t  i n  the  reset condition, an input pulse  
s e t s  a cont ro l  toggle switch through an "AND" gate ,  which enables the  " tee th  
se t t i ng"  counter ( t w o  d i g i t )  and t h e  " k i l l  se t t ing ' '  r e g i s t e r  ( fou r  d i g i t ) .  
a ga te  toggle  is  se t  which enables one l e g  of an "AND" ga te  cont ro l l ing  t h e  t r i p  
toggle  and re lay  dr iver .  The " k i l l  s e t t i ng"  r e g i s t e r  starts f i l l i n g  a t  t h e  100 kc 
clock r a t e  and each input  pulse f r o m  t he  amplifier/shaper advances the  " tee th  
se t t ing"  counter one s t e p  u n t i l  it is  f i l l e d  t o  the  number set i n t o  t h e  Digiswitch 
(one revolu t ion) .  A t  t h i s  po in t ,  an output pulse  from the  Digiswitch c i r c u i t r y  
r e s e t s  t he  cont ro l  toggle  through a clocked gate .  If t h e  cont ro l  toggle  resets 
before the  r e g i s t e r  f i l l s  t o  t h e  number s e t  i n t o  the  " k i l l  s e t t i ng"  Digiswitch, 
t he  toggle  cont ro l l ing  t h e  t r i p  re lay  d r ive r  i s  set through t h e  enabled "AND" gate .  
The input ga tes  t o  the  r e g i s t e r  and r e s e t  d r ivers  a r e  inh ib i t ed  and the  t r i p  r e l ay  
i s  picked. 
t he  cont ro l  toggle  i s  reset, output from t h e  k i l l  s e t t i n g  Digiswitch resets t h e  
ga t e  toggle  previously s e t  by the  cont ro l  toggle  which i n h i b i t s  t h e  t r i p  ga t e  and 
enables the  reset dr ivers .  The next clock pulse  t r i g g e r s  t h e  reset one shot  and 
a l l  c i r c u i t s  are r e se t  t o  t h e i r  o r i g i n a l  condition. The next s igna l  input  pulse  
i n i t i a t e s  another cycle. 

Also, 

However, i f  the  r e g i s t e r  f i l l s  t o  t h e  Digiswitch k i l l  s e t t i n g  before  

I f  overspeed t r i p  has taken place,  manual reset must be 
used t o  reset t h e  logic.  
tu rn ,  t r i g g e r s  a r e se t  d r ive r  t o  r e s e t  a l l  c i r c u i t r y .  

The manual reset switch t r i g g e r s  a one shot which, i n  

( 3 )  Operational 

Basical ly ,  se tup  and func t iona l  checks a r e  s t r a i g h t -  
forward, although the k i l l  s e t t i n g  i s  not made d i r e c t l y  i n  rpm, but r a t h e r  is  t h e  
number of 10  microsec increments i n  the  period of one revolut ion.  
used t o  e s t ab l i sh  t h e  k i l l  s e t t i n g  is:  

The formula 

6 6 x 10 KILL SETTING = 
RPMmIP 

TLe mttiiL-ional c i r cu i t ry  required t o  permit s e t t i n g  RPM d i r e c t l y  w a s  deemed too  
expensive f o r  t he  function performed. 
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( 4 )  Performance 

ACTUAL COMMENT TARGET 

10 cps t o  40 KC 

PARAMETER 

100 cps t o  15  KC 500 cycles t o  5 KC 
adequate f o r  a l l  
expected appl icat ions.  

Frequency Range 
(+3  db) 

5K (minimum) 5K Z acceptable f o r  
expected appl icat ions.  

20K (minimum) Input Z 

Input Threshold 
(Adjustable) 

50 mv t o  30v PP 50 mv t o  lOOv PP 

Time Base 
Accuracy 

Time Base 
Accuracy 

Accuracy 

+10 microsec Resolution +10 microsec 

-ec/l 60 Rev 

R P M ~ ~ ~ ~  

60 -ec/2 Rev 

RP%IP 

Sample Period 

SPDT Relay 
Contacts 

output SPDT Relay 
Contacts 

l o 3  + 1 
(- 
f i n  

3 
MS 

2 x 1 0  + 2  
( 

f i n  
Trip Delay 

4 Digit  BCD 4 Digit  BCD Regis ter  
Display 

115 v AC + 10% 115 v AC + 10% Input Power 

13.  Combustion S t a b i l i t y  Monitor 

The combustion s t a b i l i t y  monitor (CSM) w a s  designed as a control  
device t o  de tec t  the presence of i n s t a b i l i t y  i n  t h e  combustion processes of a 
rocket engine o r  gas generator and t o  automatically i n i t i a t e  a shutdown. 
necessary t o  terminate unstable burning operation by automatic methods because 
human react ion time is  i n s u f f i c i e n t  t o  obtain t h e  mil l isecond judgement and ac t ion  
required t o  minimize possible  damage. 

It is 

Signals a re  received from pressure transducers i n  the  combustion 
chamber, although it i s  preferable  t o  measure chamber pressure d i r e c t l y ,  it i s  
not always f eas ib l e  t o  mount high-frequency t ransducers  d i r e c t l y  i n t o  t h e  chamber. 
It may be necessary t o  measure in j ec to r  pressure instead.  This s i g n a l  i s  not 
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smooth, but  is characterized by random o s c i l l a t i o n s  superimposed upon a quasi- 
s t a t i c  leve l .  
o s c i l l a t i o n  pos i t ion  of t h e  s igna l .  
cha rac t e r i s t i c s  during the  s ta r t  t rans ien t  period and then smooth out.  
vent a premature shutdown, it is necessary t o  t i m e  t h e  i n s t a b i l i t y  port ion and 
delay t h e  shutdown f o r  a predetermined in t e rva l .  

The combustion s t a b i l i t y  monitor is sens i t i ve  only t o  t h e  
Engines may exhib i t  unstable burning 

To pre- 

There are th ree  basic functions i n  the  combustion s t a b i l i t y  
monitoring system. These are: ( a )  determination of t he  input s igna l  l e v e l  i n  
re la t ionship  t o  the  desired c r i t i c a l  l eve l ,  ( b )  determination of t h e  frequency 
of t h e  incoming s igna l  i n  re la t ionship  t o  t h e  c r i t i c a l  frequency, and ( c )  t iming 
of t he  i n t e r v a l  i n  which the  c r i t i c a l  levels of amplitude and frequency have been 
simultaneously exceeded. 
bustion s t a b i l i t y  monitor i n  the  order l i s t e d  above and are shown diagramatically 
i n  Figure No. 15.  Signals can appear a t  t he  output of t h e  s igna l  level sensor 
only when the  input l e v e l  exceeds t h e  c r i t i c a l  l eve l .  Signals can appear a t  t h e  
output of t he  high-pass f i l t e r  only when the  frequency i s  above the  cutoff  value 
of t h e  f i l t e r .  Timing ac t ion  starts whenever a s i g n a l  appears a t  the  input t o  t h e  
t i m e  delay. 

These s teps  a re  sequent ia l ly  accomplished by the  com- 

Elimination of s ignais  beyond t n e  f i e l d  of i n t e r e s t  is  accum- 
plished by the  use of an ac t ive  band-pass f i l t e r .  This u n i t  provides a r o l l  o f f  
of 1 2  db per  octave below 500 cps and above 9 kc. 
600 cps and 7000 cps. 

The response is f l a t  between 

To determine when the incoming s igna l  is above the  c r i t i c a l  
value, a c i r c u i t r y  is needed t h a t  w i l l  respond i n  a pos i t i ve  manner whenever it 
is  exci ted by a s igna l  whose magnitude i s  equal t o  o r  g rea t e r  than some pre- 
determined level. This device must respond i n  both d i rec t ions  ( i . e . ,  tu rn  off  
when t h e  voltage drops below t h e  c r i t i c a l  l e v e l  and turn  on when the  vol tage 
rises above t h e  c r i t i c a l  level) .  
po in ts  must be narrow. Such c i r cu i t ry  is found i n  t h e  Schmidt t r i gge r ,  a b i l e v e l  
output device whose output state i s  "ON" when t h e  input vol tage is below c r i t i c a l  
l eve l .  
is formed at  the  output of t he  Schmidt t r i g g e r  with the  pulse width equal t o  t h e  
t a t m e  that. %he stg~nl val i -~  remaills ahnvP the r y i t i c a l  level, and whose repetition 
rate is  equal t o  the  frequency of t he  s igna l .  

Further,  t h e  spread between t h e  "ON" and "OFF" 

With an a l t e rna t ing  s igna l  of su f f i c i en t  magnitude, a se r i e s  of pulses 

Because of t he  action of t h e  s igna l  l e v e l  sensor,  s igna ls  w i l l  
appear at t h e  input t o  the  high-pass f i l t e r  only when.the incoming s igna l  i s  
l a rge  enough i n  magnitude. Signals may a l s o  appear because of t he  ac t ion  of  t h e  
series of pulses whose r epe t i t i on  r a t e  corresponds t o  the  frequency of t he  input  
s igna l .  
r e p e t i t i o n  rate is  above t h e  c r i t i c a l  r a t e .  
possible .  
f u l l y  "OFF" up t o  the c r i t i c a l  frequency and f u l l y  "ON" above t h a t  po in t ,  with 
an uncer ta in ty  of approximately i 5 cycles out  of 1000. 
ponents i n  t h i s  f i l ter :  a bistagle c i r cu i t ,  a monostable c i r c u i t ,  and a phase 
comparator. 

The high-pass f i l t e r  is designed t o  de l iver  a s igna l  only when t h e  pulse 
The cutoff  point  must be as sharp as 

The f i l t e r  concept t h a t  was used resu l ted  i n  a pass band t h a t  w a s  

There are t h r e e  com- 
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F i l t e r  ac t ion  is achieved by comparing a pulse whose width i s  
a function of t he  s igna l  frequency w i t h  a standard pulse whose width is s e t  t o  
equal t h e  rec iproca l  of t h e  frequency a t  which it is desired t o  start passing 
s igna ls .  
value is exceeded. 

By t h i s  method, s igna ls  come through t h e  f i l t e r  only when t h e  c r i t i c a l  

To obtain a pulse whose width is  a function of t h e  s igna l  
frequency, use is made of t he  b i s t ab le  c i r c u i t .  This c i r c u i t r y  switches state 
every t i m e  it receives an input pulse going i n  the  negative d i rec t ion ,  o r  from 
1 t o  0; it remains a t  t h a t  s t a t e  urit i l  t he  next pulse i s  received. The output 
of t h e  c i r c u i t  is designed t o  de l iver  two s igna ls  of opposite po lar i ty ;  these 
are ca l l ed  Phase A and Phase B. 
versa. A t  both Phase A and B, one pulse w i l l  be formed going from 1 t o  0 f o r  
every two input pulses going from 1 t o  0. 
by t h e  period of the  incoming s igna l .  
t he  pulse separat ion w i l l  be 1 mil l isec.  
phase comparator and the  Phase B s igna l  goes t o  the  monostable c i r c u i t .  

When Phase A is zero, Phase B is 1 and vice 

These 1 t o  0 pulses w i l l  be separated 
If the  incoming s igna l  frequency i s  1 kc, 

The Phase A s igna l  goes d i r e c t l y  t o  a 

Monostable c i r c u i t s  de l iver  a pulse when exci ted by a pulse. 
nn.A out-,ut p d s e  ~ i i l t h  is d.ct.cmined by t h e  constants used i n  designing the  
c i r c u i t ,  not by the  input pulse width. This pa r t i cu la r  c i r c u i t  i s  designed t o  
respond only t o  pulses going from 1 t o  0 and t o  produce a 1 t o  0 pulse f o r  each 
pulse received. 
which is  t o  be passed. For instance,  i f  it i s  desired t o  pass frequencies over 
1 kc, t h e  pulse width is s e t  t o  one mi l l i sec .  These output pulses are fed i n t o  
t h e  phase comparator. 

The output pulse width i s  s e t  t o  equal t h e  period of t he  s igna l  

Phase re la t ionships  of the  pulses of  Phase A and those of the  
monostable c i r c u i t  a r e  such t h a t  t h e  pulse s t a t e s  are 180 degrees out  of phase 
when t h e  period of t h e  incoming s ignal  is  grea te r  than t h e  period of the  mono- 
s t a b l e  pulse,  and the  pulse s t a t e s  are i n  phase when the  incoming s igna l  period 
is equal t o  o r  less than t h e  period of t he  monostable pulse. To automatically 
de t ec t  t h i s  phase re la t ionship ,  a phase comparator w a s  designed t o  respond when 
both inputs  were zero. 
t o r  f o r  s igna ls  above and below the  c r i t i c a l  point  i s  presented i n  Figure No. 16. 
This ana lys i s  a l so  shows t h a t  tne  ouzput pulse frwm the  phase c ~ i i i p r a t o r  has a 
width which is  a function of  t h e  input frequency. To be usable, t h e  pulse w a s  
standardized by use of another monostable c i r c u i t  ca l l ed  a pulse shaper. 

p resent  at t h e  output of t h e  pulse shaper only under conditions where the  incom- 
ing  s i g n a l  amplitude is g rea t e r  than the  c r i t i c a l  l e v e l  and where the  incoming 
s i g n a l  frequency is grea te r  than t h e  c r i t i c a l  frequency. 
condi t ion w i l l  block the  s igna l  from reaching t h i s  point .  

An analysis  of pulse re la t ionships  a t  t h e  phase compara- 

The techniques described previously r e s u l t  i n  pulses being 

The absence of e i t h e r  

When a pulse  does appear, it is an indicat ion t h a t  a s igna l  with 
t h e  frequency and amplitude cha rac t e r i s t i c  of i n s t a b i l i t y  i s  being monitored by 
t h e  CSM. 
However, engine t e s t i n g  i s  expensive and unnecessary shutdowns cost  a great  deal  

This first pulse could be used t o  i n i t i a t e  t he  shutdown sequence. 
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i n  wasted t i m e  and material .  
l e v e l  t o  assure  the re  is a bonafide case of combustion i n s t a b i l i t y .  
are taken t o  increase t h i s  confidence l eve l :  
between t h e  first pulse from the pulse shaper and the i n i t i a t i o n  of the  shutdown 
sequence, and (b)  c i r c u i t r y  i s  incorporated t o  ensure t h a t  t h e  series of pulses 
from t h e  pulse shaper is continuous with no gaps g rea t e r  than 3 mil l i s ec  i n  the  
pulse s t r ing .  The 3 mil l i s ec  time in t e rva l  i s  introduced t o  prevent a recycle  of 
t h e  timer i n  the  event of j i t t e r ,  which may occur at  the threshold poin ts .  

Therefore, it is  necessary t o  have a high confidence 

( a )  a t i m e  delay i s  introduced 
Two s teps  

When the re  is  no s ignal ,  t h e  ga te  emits a pos i t i ve  signal. t h a t  
prevents t h e  t i m e  from reac t ing  and which charges the  resistance-capacitance ( R C )  
network across t h e  timer. The input res i s tance  of the  t i m e r  is low s o  tha t  t he  
RC c i r c u i t  charges rapidly.  This approach provides a very fast recycle  t i m e  i f  
t h e  timing cycle must be s t a r t e d  aga in .  

The heart of the timer i s  a t r a n s i s t o r  which i s  biased t o  satura- 
t i o n  by t he  pos i t i ve  output of t h e  gate. When a pulse is  put i n t o  the  gate ,  t h e  
gate-supplied b i a s  is removed. However, t he  t r a n s i s t o r  is s t i l l  biased t o  
sa tu ra t ion  by t he  charge on C and i s  h e l d  i n  t h i s  condition u n t i l  t h e  charge vol t -  
age drops t o  t h e  switching point  of t h e  t i m e r .  The t i m e  i n t e rva l  i s  determined 
by t h e  elements of t h e  RC c i r cu i t ry .  
the gate-supplied b i a s  immediately saturates t h e  timer and again recharges C.  

When t h e  voltage t o  the  gate  is  removed, 

Another RC c i r c u i t  is  placed across t h e  input t o  the gate  t ran-  
s i s t o r  t o  hold t h e  gate  "OFF" f o r  a period of 3 mil l i s ec  a f t e r  t he  last  pulse 
comes i n t o  the  gate .  I n  t h i s  manner, a series of approximately three  missing 
pulses  w i l l  not cause t h e  timing cycle t o  start over again. If more than three 
pulses  are missing, it can be assumed t h a t  t he  conditions of i n s t a b i l i t y  are no 
longer present and t h a t  t he  timing cycle should restart. 

A f t e r  t h e  required delay per iod,  as determined by the  RC network 

Once the re lay  is act ivated,  it 
In  turn ,  a 28v DC s ig-  

of t h e  t i m e r ,  a pos i t i ve  voltage w i l l  appear a t  the  output of t h e  t i m e r .  
vol tage is  used t o  dr ive  a t rans is tor ized  re lay .  
is  at tached through i ts  own contact t o  the  28V DC supply. 
n a l  i n i t i a t e s  the  engine shutdown sequence. 

This 

Complementary c i r c u i t r y  cons is t s  of a unijunction t r a n s i s t o r  
wired as an o s c i l l a t o r  w i t h  the  frequency and output voltage matching t h a t  
generated during engine i n s t a b i l i t y .  
and over-all  c i r c u i t r y  can be ver i f ied .  

I n  t h i s  way, the  operation of t h e  cont ro l  

14. Hybrid Dynamic Data Spec t ra l  Analyzer 

The hybrid (combination of analog and digital .  computer tech- 

- 
niques)  analyzer is an automatic, high speed e lec t ronic  data processing system 
capable of accurately analyzing and processing t r ans i en t  as w e l l  as s teady-state  
energy i n  re la t ionship  t o  frequency information from complex dynamic tes t  data. 
A block diagram of t h e  t o t a l  system is shown i n  Figure No. 17. 
analyzer system of fers  an almost unlimited number of spec t r a l  ana lys i s  ranges 

The hybrid 
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(0.01 cps t o  40,000 cps) and e f f ec t ive  analysis  bandwidths (0.01 cps t o  800 cps) 
fo r  t he  a n a l p i s  of dynamic data. By select ing the  proper combinations of tape 
reproduction speed and d i g i t a l  sampling rate, as l i t t l e  as 12  mi l l i sec  of real- 
t i m e  t r ans i en t  da ta  can be accurately analyzed. 
a Hetrodyne Wave Analyzer which required a minimum of 2.0 sec of real-time data 
fo r  analysis . )  

(The pre-hybrid system u t i l i z e d  

a. Operational Description 

In  the  hybrid analyzer system, the  analog dynamic data is  
fed from an FR-1200 Tape Recorder i n to  a Model SA-12 Spectrum Analyzer manufac- 
tu red  by General Applied Science Laboratory (GASL) . An externa l  gating c i r c u i t  
(timing system), operated by the  17-bit t i m e  code recorded on the  analog tape,  is 
used t o  s e l e c t  t he  required da ta  sample t i m e  period from the  input tape. 

The Model SA-12 Spectrum Analyzer, which is the  hear t  of the  
hybrid system, cons is t s  bas ica l ly  of two sect ions.  The first is  a d i g i t a l  loop 
sec t ion  wherein the  analog data  are d ig i t ized  with 8-bit  reso lu t ion  at a rate a t  
least four times the  highest  frequency of i n t e r e s t  (see Figure No. 1 5 ) .  
digitized C?P+_P is then inser ted  i n t o  a rec i rcu la t ing  magnetostrictive delay-line 
s torage system and e f f ec t ive ly  "sped-up" (compressed i n  time] by a l a rge  fac tor .  
The da ta  sample may be s tored  i n  the  delay-line d i g i t a l  s torage system and 
rec i rcu la ted  continuously f o r  analysis,  o r  incremented progressively i n  t i m e  
throughout t h e  data  run wherever a frequency-amplitude-time p r o f i l e  is desired. 
Data s tored  i n  t h e  " d i g i t a l  loop" i s  reconverted t o  analog data  i n  i ts  "sped-up" 
form and the  ac tua l  data  frequencies t rans la ted  upward i n  frequency by the  speed-up 
fac tor .  

This 

The "compressed" analog data is  then fed t o  the second basic  
sec t ion  of t he  analyzer which i s  a conventional sweep spectrum analyzer. This 
analyzer operates at a c a r r i e r  frequency of 600 kc, and i s  equipped with both a 
c r y s t a l  l a t t i c e  f i l t e r  fo r  narrow band analysis  and a stagger-tuned amplifier f o r  
wider band survey work. 

The output from the  SA-12 Spectrum Analyzer i s  avai lable  i n  
both analog and d i g i t a l  form {see Figures Xu. 17 a d  k. 1s). !%e md.og ox+;n11* r-- 
is general ly  used when an "on-line" X-Y spec t ra l  p l o t  of a s tored,  rec i rcu la ted  
data sample is desired f o r  t he  analysis of short-duration t r ans i en t  data. 

The d i g i t a l  output, i n  the  real-time mode, is  generally 
recorded on an FR-400 tape t h a t  is compatible with computer format. 
can manipulate t he  da t a  i n  many ways f o r  presentation, the  most common being t h e  
complete tabula t ion  of t i m e  versus frequency and amplitude. 

The computer 

Summaries can be made of any se lec ted  port ion of the pro- 
cessed da ta  and p lo t t ed  automatically using a Cal-Comp tape p l o t t e r  system. 
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b. Data Formats 

The ex is t ing  hybrid system at  the  Aerojet-General Sacramento 
f a c i l i t y  processes data  i n  two basic  formats: 
of sho r t  duration t r ans i en t  data,  o r  creates  a d i g i t a l  tape containing spec t r a l  
t i m e  h i s to ry  da ta  fo r  computer processing. The most s ign i f i can t  operat ional  d i f -  
ference between the  two formats is tha t  t h e  t r ans i en t  data f o r  "on-line" p lo t s  of 
energy versus frequency is  s tored i n  d i g i t a l  memory f o r  processing while the  spec- 
t r a l  t i m e  h i s tory  data is processed with the  system operating the  real-time con- 
t inuous mode. 

it presents  "on-line" spec t r a l  p l o t s  

(1) Short Duration Transient Data 

This data appears i n  t h e  form of X-Y spec t r a l  p l o t s  as 
shown i n  Figure No. 19. The energy amplitude, i n  engineering un i t s ,  is  found on 
the  ordinate  and the frequency on the abscissa.  

( 2 )  Computer-Processed Data 

The hybrid system generates a d i g i t a l  tape which con- 
t a i n s  amplitude, frequency, and time information which is  i n  a forb compaiiiiie fsi 
computer processing. 
process and re-format the  data using one o r  more of t h e  mathematical programs 
ava i lab le  as tape input.  

With d i g i t a l  tape input,  the  computer i s  then directed t o  

Some of the computer-processed data formats are: 

( a )  Time History Tabulations 

These l i s t i n g s  provide a three-dimensional time 
Table I h i s to ry  survey of the dynamic data  encompassing the  complete tes t  run. 

shows a port ion of a 20 cps t o  10,000 cps t i m e  h i s tory  computer tabulat ion.  
Frequency appears across the  top; t i m e  i n  the  left-hand v e r t i c a l  column; and t h e  
energy (amplitude) values i n  the  center f i e l d .  By es tab l i sh ing  a minimum energy 
value f o r  pr in tout  on the  tabulat ion ( i .e . ,  on Table I only amplitudes of 25 ps i  
o r  g rea t e r  are shown,) t he  predominant frequencies and t h e i r  t i m e  of occurrence 
are readi ly  iden t i f i ed .  Note t h a t  the system reads out a complete l i n e  of spec- 
tral information every 50 miiiisec c ~ ~ s z s - ~ r z t e  vith o 20 cps t o  10,000 cps 
frequency analysis  (Table I) .  

(b )  Computer-Generated P l o t t e r  Tape 

Several of t he  computer programs provide a statis- 

This p l o t t e r  tape i s  then i n s t a l l e d  on an automatic p lo t t i ng  system 
t i c a l  treatment and re-formating of t he  analyzed data, which is  recorded on a 
p l o t t e r  tape.  
(Cal-Comp P l o t t e r ) ,  which sca les ,  annotates, and p lo t s  the  required data i n  one 
operation. The three  main p l o t t e r  formats are: 

1 Power Spectral  Density i n  the form of y2/cps 
versus Frequency (see  Figure No. 20). 

- 
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I 

rcocrcr, $000 
Frequency $n cps 

Figure 20 

Test No. 1-2-04-TU-014 
Spectrum Sweep Range = 

0 to 10 kc 
Data Sample Time = 
~s1+1.850 to 1.900 sec. 

Analysis Bandwidth - 20 cps. 

Power Spectral  Density Analys is  
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- 2 Mean Spectral  Density i n  t h e  form of y/cps 
versus Frequency 

Spectral  Distr ibut ion i n  the  form of x versus 
Frequency 

3 

- Nokt,: X =-Average amplitude i n  p s i .  In  the  
spec t r a l  p lo t  formats of 1 and 2, X 
i n  cps. 

and X are divided by the  analysis  bandwidth 

c. Processing Speed and Accuracies 

The processing speed of t h e  hybrid system is  s ign i f i can t ly  
faster than the  analog-type systems such as heterodyne wave analyzers using tape 
loop storage.  The hybrid system w i l l  process and d i g i t i z e  dynamic data  i n  real- 
t i m e  when operated i n  any one of i t s  f ive  basic s p e c t r a l  ranges. 
20 sec of data  f o r  a 10 t o  5000 cps analysis may be processed i n  20 sec, as com- 
pared t o  8,000 sec required f o r  a heterodyne analyzer set f o r  t he  same degree of 
s t a t i s t i c a l  confidence. 
d i g i t i z e d  ciaiia is upproxliiietel~- three izizctes ir? =ziy d = t ~  fcrmnt. mnde; and the  
automatic p lo t t i ng  system requires  approximately 3 minutes per p lo t ,  plus tape 
handling t i m e .  

For example, 

Computer processing t i m e  required f o r  the 20 sec of 

This represents a time savings of approximately 1 6 : ~  

The amplitude s t a t i s t i c a l  e r r o r  f o r  the  SA-12 analyzer is 
dependent upon the mode of operation and input data cha rac t e r i s t i c s .  
t r ans i en t  data,  which have periodic components t h a t  are continuous throughout the  
system storage t i m e ,  t he  amplitude reconstruction accuracy i s  within 2 10%. 
the  t r ans i en t  duration i s  less than t h e  system storage t i m e ,  o r  if  there  are com- 
ponents t h a t  are not continuous throughout t he  s torage t i m e ,  t he  s t a t i s t i c a l  e r r o r  
increases  proportionally.  

For 

If 

When the hybrid system i s  operated i n  the  continuous d i g i t a l  
ana lys i s  mode, t he  system amplitude accuracy i s  within + 5% f o r  sinusoidal o r  
complex periodic data t h a t  are continuous throughout eaFh spectrum sample period. 

For random data,  which may be assumed t o  approximate a 
Gaussian probabi l i ty  densi ty  function, t he  s t a t i s t i c a l  e r r o r  of the system is  
expressed as confidence in t e rva l s  based upon the number of degrees of freedom. 
Typical data of t h i s  type is  processed with a 90% confidence t h a t  the ac tua l  mean 
square energy value is between 0.8 and 1 .3  times the  processed values. 

15. Cable Conveyance 

Because of K-Zone topography and the sa fe ty  requirement t o  loca t e  
t h e  cont ro l  outs ide the  2 ps i  over-pressure area,  the  mean distance t o  any of the  
K-Zone stands is approximately 3800 f t .  
mission cabling and t o  implement these tes t  stands with the necessary instrumenta- 
t i o n  and controls ,  it w a s  necessary t o  undertake several  s tud ies  of various types 
of cable  conveyance systems. 

To provide channel-for-channel trans- 
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A preliminary study indicated t h a t  a s igna l  conditioning center  
loca ted  at some optimum dis tance between s tands K-1 and K-2 would provide a common 
switching point  and would make it necessary t o  provide only one s e t  of transmis- 
s ion  cables t o  the control  room. 
be common and located i n  the  s igna l  conditioning center ,  only transmission f o r  
such items as s t r ip  char t s  records,  v i sua l  gages, computer inputs ,  and osc i l lo -  
graph inputs  were necessary between the s igna l  conditioning center  and t h e  con- 
t r o l  room. 
interconnecting cables between the  s igna l  conditioning center  and cont ro l  room 
increased. 
cen ter  (a  distance of 1000 f t )  and the  s igna l  conditioning center  and cont ro l  room 
( a  dis tance of approximately 2800 f ' t )  w a s  i n  duct bank. 
number of cables between the s igna l  conditioning center  and the  control  room, a 
second study w a s  undertaken t o  reduce the  cos t  of the  cable conveyance system. 

Because the  d i g i t a l  system and amplif iers  would 

With the  advance of concepts and the  design of systems, the number of 

A l l  transmission cable between the  tes t  s tand and s igna l  conditioning 

With t h e  increase i n  the  

The second study indicated t h a t  t he  s igna l  conditioning center  
could be eliminated and t h e  majori ty  of the transmission cable  i n s t a l l e d  i n  cable 
t rays ;  t he  l as t  500 f t  of cable a t  the  tes t  s tand end would be i n s t a l l e d  i n  a 
duct bank f o r  protect ion.  
d i g i t a l  machines and two s e t s  of amplif iers  would be required f o r  t he  four  t es t  
s tands.  With the  s igna l  conditioning centers  eliminated, a common d i g i t a l  system 
with amplif iers  could be provided i n  the  cont ro l  room. With these  t rade-offs  i n  
cable length  and the  el iminat ion of t he  s igna l  conditioning center  and cos t  sav- 
ings i n  cable t r ay  over duct bank, it appears t h a t  a g rea t e r  operat ional  system 
w a s  being provided w i t h  a considerable savings t o  the  program by el iminat ing t h e  
s igna l  conditioning center .  

I n  the plan f o r  s igna l  conditioning centers ,  two 

The cable t r a y  system is  of a low s i l h o u e t t e  type,  whereby the  
cable t rays  are l a i d  s i d e  by side, approximately one foot  above the  ground, pro- 
viding easy access over t he  t r ays  i f  conditions so arise. Also,  t h i s  low s i l -  
houet te  w i l l  make cable i n s t a l l a t i o n  much e a s i e r ,  i n  t h a t  t h e  cables may be taken 
d i r e c t l y  o f f  the r e e l  and l a i d  i n t o  the  t r ays .  

The duct banks are of a s tandard design, t he  only major change 
is  the  use of p l a s t i c  pipe t o  make the  t o t a l  i n s t a l l a t i o n  job e a s i e r  and less 
expensive. 

I V  . CONCLUSIONS 

The c r i t e r i a  es tab l i shed  f o r  the  da ta  acqu i s i t i on  f a c i l i t i e s  f o r  M-1 engine 
development t e s t i n g  i n  T e s t  Zone K w a s  an attempt t o  incorporate  two bas ic  design 
approaches. It w a s  t o  take advantage of t he  e x i s t i n g  extensive experience both i n  
instrumentation operations and i n  ac tua l  rocket t e s t i n g  operat ions.  
intended t o  make t h i s  experience current  by using t h e  b e s t  technology and hardware 
avai lable .  

It a l s o  w a s  

I n  attempting t o  meet these  c r i t e r i a ,  cos t s  were a s i g n i f i c a n t  influence.  
The operat ional  savings t h a t  can be r ea l i zed  with an optimum system must be com- 
p a t i b l e  w i t h  budget l imi t a t ions .  
as the  f l e x i b i l i t y  f o r  adapting t o  program va r i a t ions  and t h e  obsolescence of 
equipment . 

Also,  other  f a c t o r s  must be considered, such 
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It is believed t h a t  the prime objectives of these c r i t e r i a  have been m e t  
i n  the design of the K Zone data acquis i t ion f a c i l i t i e s  by designing the  system 
around a modern computer, which is capable of providing on-line real-time data 
and off- l ine computing serv ice  functions. 

The s ign i f i can t  cost  trade-off is the a b i l i t y  t o  provide the test conduc- 
t o r  with improved data during the test so t h a t  the optimum test duration can be 
achieved while providing su f f i c i en t  data f o r  engine analysis  and control .  

The d i g i t a l  data system performed as designed during checkout. ( 5 )  It is 
believed t h a t  t h i s  system would have contributed t o  a s ign i f i can t  advancement i n  
rocket test f a c i l i t y  u t i l i z a t i o n .  
acceptance tests i n  a program where one duration tes t  may cos t  $175,000, w a s  the 
basis f o r  including approximately $300,000 i n  special ized computer equipment. 
The computer can a l s o  terminate a test ,  which conserves many thousands of do l l a r s  
i n  propel lants  cos ts ,  i n  the event t h a t  the  design point operation i s  not being 
m e t .  

The po ten t i a l  reduction of the number of 

Acceptance T e s t  Report f o r  SDS Computer Controlled A t o  D Conversion System 
(Including Acceptance T e s t  Procedure), Aerojet-General Report No. 9270: 33, 
29 June 1965 
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